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TEAFSLATOES' PEEFAOE. 



We have tmdertakeii the translation of this little 
work, hoping that it will supply a need which has 
been long felt by American students and physicians. 
We do not know of a single work in the English 
language where, in a concise form, so many valuable 
suggestions and prax^tical hints are offered, both as 
regards analysis and diagnosis. The book does not 
pretend to be an elaborate and exhaustive treatise on 
the diseases of the genito-urinaxy organs; such an 
idea is at once precluded by the title and size of 
the work. It merely claims to contain all that is 
necessary for the student and pra<5ticing physician. 

The merit of the work is sufficiently attested by 
the popularity it already enjoys in Germany and Aus- 
tria, and the fact of its having appeared in three 
languages during the year of its publication. 



4 TRANSLATORS' PREFACE. 

While makiiig no claims to elegance of translation, 
we have endeavored to be faithful to the original text, 
and at the same time to explain the methods of pro- 
cedure so clearly, that without other aids the student 
may be able to perfect himseK in the rapid analysis 
of the urine, and furthermore to draw his conclusions 
from the same. The added plates, which do not appear 
in the German edition, are principally taken from 
^^TJltzmann and Hofmann's Atlas der physiologischen 
und pathologischen Hamsedimente," and from photo- 
graphs kindly furnished by Dr. Ultzmann, under whose 
supervision we have performed our work. 

The Teaistslatoes. 

Vienna, December 20, 1878. 
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ANALYSIS OF THE URINE. 



INTRODUCTION. 



The reaultB of the genei'ally complicated chemical 
processes upon which depends the basis of animal life 
are, on the one hand, the .bmlding up of the body, and 
on the other the breaking down of the same, both 
included in the common term " retrograde tissue meta- 
morphosis." The used-up material — i. e., that which 
has lost its value to the animal economy — becomes 
eliminated by the akin and lungs (chiefly in gas form), 
and by the intestines and kidneys (in solid or liquid 
form). 

In order to have a perfect conception at various 
times of the nutrition and state of the body (including 
the normal or pathologically changed material), the 
greatest possible care must be exercised in the investi- 
gation of the escretory ducts themselves, their precise 
function, and the nature of the material eliminated by 
them. 

In order that the physician may obtain an adequate 
idea of the changes which take place in the organs of 
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the body, it is important to observe carefully that most 
important secretion of the same, the urine. 

The urine indicates, at least very nearly, by its 
qualitative and quantitative changes, the variation in 
tissue life. It offers in addition the advantage of easy 
collection, and its analysis, so far as it interests the 
practicing physician, ,can be made with simple appa- 
ratus. The kidney, inasmuch as it is subjected to dis- 
ease, is not a lifeless filtering machine. Through its 
pathological processes material is added to the urine, 
from the presence of which alone is the physician able 
to make a diagnosis. The urine offers also in general 
an indication as to the condition of the entire body 
(including its constitutional diseases), and in particular 
concerning the secretory and excretory urinary appa- 
ratus. On account of the peculiarities of the numerous 
substances excreted by the kidneys, the urine possesses 
a great interest for the physiologist and chemist, and 
imder certain circumstances for the medico-legal expert. 

The endeavor to diagnose disease from observation 
of the urine extends back to the remotest period of 
medical research. The changes of the urine did not 
escape Hippocrates in his close investigation of diseasea 
He taught his scholars, under his personal supervision, 
the setiological and prognostical signification of changes 
in the urine, so far as the then existing state of the 
other sciences permitted. He directed attention to the 
external characteristics of the urine, its abnormal 
amount, color, and clearness, its cloudy or muddy ap- 
pearance, and the visible differences of the sediment; 
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and he referred these indications to diseases of the 
urinary organs. However arbitrary his explanations of 
the appearances may be, his observations ai'e for the 
most part correct. He even endeavored to demonstrate 
the influence of various foods and drinks on the consti- 
tution of the mine. We find also in the descriptions of 
diseases by Grecian wiiters the character of the urine 
considered according to his methods, without departing 
materially from the views of the great Choic physician. 
Since Galen more shai'ply defined and systematized the 
teachings of Hippocrates, they have prevailed as incon- 
testable truths. For a long time after Hippocrates the 
investigations on the urine made no progress. Through 
the following century one finds but an occasional writer 
who added anything by his own investigations to these 
transmitted treasures. 

To the Arabian Ibn Sina (980-1037), usually known 
as Avieenna, belongs the merit of having called atten- 
tion to the fact that different external circumstances, as 
fasting, wakefulness, over-exertion, and strong emotions, 
have an influence upon the chai'acter of the urine. He 
proved also that absorbed medicines which are excreted 
by the kidneys would cause an accidental coloring of 

I the urine. By his successors in the Arabian school 
nothing of importance was added, although, particularly 
in the East, each court had an examiner of urine (wro- 
ypen). The most important writer on this subject in 

' the ancient and middle ages is without doubt Johannes, 
sumamed Actuarius, who lived in the thirteenth century 

' at the Byzantine Court. Uniting his experiences with 
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the observations of the Hippocratic-Galenic schools, he 
treated in his seven-volumed work wepl oiipfnv, in the 
minutest detail, the physiological and pathological 
changes of the urine. He gives even a description of 
the best methods of observation. In this he excels 
because of his cleai-ly detailed demonstration. This 
work, in which nearly everything was exhausted which 
could be accomplished by the then existing methods, 
found in succeeding time so little emulation that this 
part of aetiology more and more declined. How far the 
interpretation of changes in the mine had advanced is 
most clearly demonstrated by the circumstance that it 
furnished material for the satirical representations of the 
Dutch school of genre painting, as well as for many 
comedies of Moli^re and other poets. 

As they had most defective ideas as regards the 
chemical composition of urine, it was possible for the 
old observers to take into consideration only its physical 
properties. We can expect true progi'ess only when 
chemistry and its methods of investigation have under- 
gone marked development. This decided advance dates 
from the time of Lorenzo Bellini of Florence (1643- 
1704). Bellini evaporated the urine, and observed that 
by the gradual addition of water the residue was again 
dissolved, and the solution gradually brought back to 
its original condition, through different degrees of color 
and taste. He concluded thereupon that the variation 
of color and taste depended upon the ratio of the con- 
tained water to the solid constituents — a conclusion upon 
which even now Vogel's color scale is based. 
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Now important chemical dieeoveries followed quickly 
upon one anotter. Willis discovered sugar in the urine. 
Brandt discovered phosphorus, the origin of which Mar- 
graff attributed to the contained phosphates. RoueUe 
the younger discovered urea in 1773, and foxmd that in 
the urine of herbivoi-a were contained carbonate of cal- 
cium and a substance, hippm-ic acid, related to flowers 
of benzole. In the year 1770 Cotugno found pus in 
the urine; in 1798 Cruikahant declared the relation 
of this condition to dropsy; and in 1827 Bright proved 
the connection between kidney disease and albuminuria. 
At the same time the latter turned his attention to the 
chemical analysia of gi-avel and calculi. Among the 
numerous deserving works on this subject are those of 
Scheele, WoUaaton, Wetzlar, and Prout. 

The present advanced state of uroscopy is due 
chiefly to the labors of two Frenchmen. Bayer's re- 
searches, which are included in his great work "Les 
maladies des reins" (1837-41), laid the foundation of 
our present knowledge of kidney diseases. Becquerel, 
the son of the renowned physicist, had busied himself 
for a long time with m-ine analysis under Andral's di- 
rection, to whom he modestly assigns the cretiit of stim- 
ulating him to bis investigations. He published the 
results of years of observation in his work " S^miotique 
des urines " (1841). Through the thirty years which 
followed the publication of that book many observers 
turned their attention to this subject, so that no other 

, part of organic chemistry possesses so full a literature 

I as this. 
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After tliis short sketch of the development of our 
subject, it only remains to describe in a few words the 
arrangement of the matter which is here offered. After 
a cursory account of the microscopical construction and 
the function of the urinary apparatus, without a knowl- 
edge of which an understanding of its pathology is 
impossible, the physical properties and the chemical con- 
stituents of the urine will be separately treated, at least 
so far as is important for the practicing physician. A 
description of the microscopical part, viz., the sediment, 
will then be added. The many repetitions which occur 
are suitable rather than blameworthy for the beginner. 

It is to be hoped that the short table for the method 
of investigation will not be useless to the beginner. 
The conclusion is formed of a compendium of the simple 
uncomplicated diseases of the urinary apparatus, as far 
as the indications form valuable signs for their diag- 
nosis. 



CHAPTER I. 

BISTOLOar OF THE URINARY ORGANS. 
1. THE EIDNEY8. 

If one cuts tlirough the kidney from the papilla to 
the fibrous capsule, it is possible to clearly discern with 
the unaided eye a concentric arrangement of layers, i. e., 
the striated medulla and the more granular cortex sur- 
rounding the same. 

If the blood and uiinaiy vessels have previously 
been treated with different-colored injection fluids, it is 
possible to distinguish further subdivisions on the cut 
surface. 

In the papillfiB and close upon the same the kidney, 
by injection of the mine-tubes, shows striations; this 
portion is known as the papillary pait of the medulla. 
Above this comes a section which is also striated, but 
the striations alternate with those filled with the colored 
injection fluid of the blood-vessels ; this is known as the 
boundary or limiting layer of the medulla. The third 
and outermost layer suiTounding the others is called the 
cortical layer. 
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Bj the colored injection fluids we distinguish the 
two component parts of the cortes. One of these is 
striated, and contains the injection fluid of the urinifer- 
ous tubes, which striations are the direct continuations 
of the straight tubes of the medulla, and are called 
medullary rays (Markstrahlen), or the prolongations of 
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Pig, 1.— Plane Bection through the kidney of a dog: the urine- and blood-Tcsaela in- 
jected, p, papillarj part, and ^, boundary or limiting layer of the medulla; r, cor- 
tex. The dark Btrialionsot the medtdla, A, are bundles of urine-tubea. The con- 
tinuations of the same into the cortex are the medullary t^ys, ni. The hght 
spaces of (he medullary portion, b, correspond to the fasciculi of blood-ves9e!s 
in the medulla. The light spaces of the cortex studded nith dots (glomeruli), 
c, represent the situation of the labyrinth. 



the pyramids ; the other part shows principally small 
round bodies (glomeruli), colored by the injection of 
the blood-vessels, and is the so-called labyrinth of the 
kidney, or, in a narrower sense, the cortex. 

In support of this, with the microscope we find the 
papillary part to be made up of straight tubes ; the 
boundary, partly of straight tubes and partly of straight 
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"blood-vessels ; the medullary rays, principally of etraight 
' urine-tubes ; and finally the labyrinth, partly of looped 
urine-tubules, and partly of toituoua blood-veesels. 

This system of hlood-vessels and urine-tubes is sup- 
portied by a meagre stroma, denser in the medulla than 
in the cortex. On the external surface of the kidney 
this substance becomes a delicate membrane, which is 
loosely adherent to the fibrous capsule. The capsule is 
composed of ordinaiy connective tissue, with numerous 
fine elastic fibres. It envelops the whole organ, is in- 
serted in the hilus, and, sxirrounding the blood-vessels, 
sends prolongations to the pelvis of the kidney. 

TJie urinary tulnihs have their origin in the laby- 
rinth. Each begins there with a spherical dilatation 
(capsula Malpighii), and " continues as a narrow neck, 
opening to a wider tube, which, after many windings, 
runs toward the medulla. When, as a wide, convoluted 
tube, it has reached the boundary, it suddenly becomes 
of less calibre, and as a narrow canal penetrates more 
or less deejjly into the medulla ; here the descending 
straight tube turns on itself, forming a narrow loop 
(Henle's loop), and mns directly upward toward and 
into the cortex. On reaching the cortex the canal does 
not seek the place of its origin, but avoids it and runs 
alongside the nearest medullary ray. Sooner or later it 
loses its straight dh'eetion, and with several convolutions 
passes as a widened tube (tubulus contortus) among the 
curved canals of the labp'inth. From there it turns 
and enters one of the tubes of a medullary ray (Bellini's 
tubes), the convexity of its curve du'ected toward the 
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surface of the kidney, thus losing its independent course. 
The latter occurs as follows : Several canals run from 
different directions to the same place and become blended 




Fia. 3. — p, PapillB. g, Boundai?. r, Cortex. I, Ckpaula glomeruli. O, Cooto- 
luted portion ot tubule pasBing into lU, deacendiag brtmcli of Henle'i 
loop, h, Henle's loop. IT, Ascending branch of TTenle's loop. V, Con- 
votated portion ot tubule joining VI, tubolus BellinianuB. YU, Another 
tubulus BeUinianuB. VIII, Conunon duct. IX, Ductus papillufs. 

into a straight wide tube " (tubulus BeUinianus, Fig. 3) : 
this runs a direct course until it reaches the papillary 
part of the medulla, where it \inites with a neighboring 

* Tlie quotations are from C. Ludwig. See Strieker's " Huidbook of Hiatolog;." 
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tube and so continues (Fig. 2, VIII.) until tlie united 
tubes, as the so-called ductus papillaris, empty into one 
of the calicea. 

The wall of the capsula Malpighii is made up of a 
mosaic of cells. The glomemlua is not wholly sur- 
rounded by the fluid contents of the capsule, this being 
prevented by a layer of nucleated cells not easUy de- 
fined, which covers the bunch of blood-vessels. " Be- 
ginning at the neck of the capsule, and extending as far 
as the commencement of the ductus papillaris, the canal 
wall consists of a tunica propria, lined on the inner sur- 
face with epithelial cells." The tunica propria is a ho- 
I mogeneous, vitreous, and elastic membrane. 

The epithelium which lines the basement membrane 
[ is a single layer of nucleated cells. The form of the 
[ nuclei is always the same, round, sharjjly defined, and 
I flhowing numerous granules. The body of the cell, on 
' the contrary, vaiies much as regards form. 

In the convoluted tubes the epithelium forms a con- 
tinuous, jelly-like, opaque mass, with imbedded nuclei. 
A di^nsion of this mass into cells corresponding to the 
k number of nuclei seems impossible. "This epithelial 
[ pulp lies only lightly upon the basement membrane ; so 
I that by making cross-sections of the tube the mass can 
I be readily drawn out in a cylindrical form. Micro- 
I scopicaUy, fat-globules and other dark gi'anules can be 
I Been in this pulp, which is cleared up by addition of di- 
llute acid. Often after the clearing up by acids isolated 
L nuclei appear. In the small canals which form the 
I arms of Henle's loops appears a thin and transparent 
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lining epithelium, the cells of which by their nuclei are 
brought into cleai' relief." 

On the other side of Henle's loops, where the di- 
ameter of the tubes becomes greater, the epithelium 
presents the appearance of true cylindrical cells, which 
are laid over one another as shingles, in a direction 
from the medulla to the cortex. In the tubuli contorti 
we find again the same jelly-like arrangement as in the 
curved tubes leaving the capsulsB Malpighii In the 
straight tubes, even to the ductus papillaris, the epithe- 
lium is built up of a single layer of sharply defined cy- 
lindrical cells, with their broad bases toward the canal 
wall and their blunt points toward the lumen. (PL L, 

Fig. A, 1.) 

The Blood-vessels of the Kidneys. — The a^teria 
renalis sends the greater part of the blood through the 
cortex. Its branches penetrate without forming meshes 
to the limit of the cortex, and here breaks up suddenly 
into very fine arteries, the arteriolsB interlobulares and 
arteriolse rect». 

The a/rteriolcB mterlobula/res run between every two 
medullary rays. Having reached the layer of convo- 
luted tubules, they give off a small branch to each cap- 
sula Malpighii. This little branch (vas aff evens glome- 
ruli) pierces through the ball-like termination of the 
urinary canal (according to others, it only presses in), 
and breaks up here " into a free waving bunch of capil- 
laries (glomeruli), which unite again within the capsule 
to form a common venous stem, the vas efferens glome- 
ruli." This stem leaves the capsule iq the same place 
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tliat the vas afferena entera. After the vas efferens 
leaves the capsule, "it takes its direction toward its 
own medullaiy ray, or when this is wanting (as in the 
outermost layer of the cortex), at once toward the con- 
voluted tubes, where it breaks up into a number of ca- 
pillaries, forming a network of anastomosing meshea 
around the tubules." The vasa efferentia communicate 
by means of capillaries with one another thi'oughout 
the cortex, and also with the vessels of the medulla, in 
the same manner. 

TJie arteriolm recffe, which go from the cortex into 
the medulla, have their course in the slit-like spaces 
which lie in the limits of the medulla between the bun- 
dles of urinary tubules, and run to the papilla), in the 
mean time dividing up into several parallel branches. 
When these vessels meet the converging bundles of the 
urinary canals, they break up into capillaries surround- 
ing the urinary tubes, and then are distributed to the 
Burfaces of the papiUie. This network of capillaries 
I communicates with that of the cortex. 

From the above-described capillary nets the venous 
I stems arise. In the cortex of the kidney, especially 
I in that layer external to the glomeruli, the imion of ve- 
I nous stems is star-shaped (vense stellatse). The com- 
I mon venous stem penetrates that part of the cortex en- 
I dowed with glomeruli and medullary rays, lies along- 
I side of an arteria iuterlobularis, and receives numerous 
I branches fi'om the cortical network. 

The venules rectm nin in the same clefts with the 
' arteries, and on the border of the medulla unite with 
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the veins coming from the cortex to form greater stems. 
The capsule receives its vessels partly from the arterise 
interlobulares, and partly from other arterial stems in 
the neighborhood, viz., the arteria phrenica, lumbalis, 
and supra-renalis. Their capillaries run partly into the 
vensB stellatsB of the cortex and partly into the veins 
corresponding to the above-mentioned arteries. 

The Nerves of the kidney are suppKed by the 
plexus coeliacus of the sympathetic. Their termina- 
tions in the kidney are unknown. They run alongside 
the great blood-vessels in the same manner as the 
lymph-vessels which empty into the glands of the groin. 



2. THE EXCRETORY DrOTgf. 

The v/reterSj pelvis^ and calices have an external fibrous 
coat, a layer of unstriped muscular fibre, and an internal 
the tunica albuginea of the kidney, and is composed of 
mucous membrane. The fibrous coat is continued into 
ordinary connective and elastic tissue. The muscular 
coat of the ureters consists of three layers. The inner- 
most is composed of longitudinal fibres, the middle of 
transverse, while the external and weakest is again 
made up of longitudinal fibres. In the pelvis the ar- 
rangement is the same. In the calices the muscular 
layers become thinner, and are finally wanting at the 
borders of the papiUse. The mucous membrane is thin, 
tolerably vascular, and without glands and papillae. 
The epithelium is in layers, and is characterized by the 
size and form of its elements. The cells in the deep 
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layer are round and small ; in the middJe layer they are 
cylindrical and Bpherieal, and possess prolongationa ; 
while in the outer layer they are many-angled and flat- 
tened, and vary considerably as regards size. (PI. I., 
A, 2.) 

The Bladder possesses the same arrangement of lay- 
ers. The muscular layer is often considerable, but the 
fibres run so irregularly that a achematie I'epresentation 
is impossible. The internal layer is found to be made 
up of a network of cii'cular fibres, which form oblique 
and cross meshes about the neck of the bladder, and 
are in greatest quantity around its mouth, forming the 
sphincter vesicas. Upon these circular fibres lie the 
more external muscular fibres, which run in different 
direetiona The trigonum Lieutaudi consists simply of 
a thickening of the layers of connective tissue ext.end- 
ing from the ureters to the caput gallinaginis. The 
mucous membrane has (except at the trigonum) a dense 
submucous layer, which is tolerably rich in blood-ves- 
sels and nerves, especially at the fundus and neck. In 
the neck and toward the fundus of the bladder are 
foimd glands formed like bunches of grapes, which 
have a cylindrical epithelium and mucous contents. 

The epithelium of the bladder is of several coats, 
and varies like that of the ureters in its different layers. 
The innermost, which lines the cavity of the bladder, is 
composed of cells which show a more flattened appear- 
ance, but differ gi'eatly in size and shape. The middle 
layer is formed of young cells with conical ends turned 
away fi'om the cavity of the bladder. These prolonged 
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ends often extend into the deep layer. The deep layer \ 
is composed of in-egular oval cells, which, as opposed to 
the middle layer, have their smaller ends in the direc- 
tion of the cavity of the bladder. (PL I., A, 3.) The 
blood-vessels of the bladder are the arteiia vesicalis, su- 
pei'ior and inferior, sprin^g from the ai-teria hypogaa- 
trica. These enter the bladder wall at the fundus, 
piercing the muscular layer in an oblique dii-ection. 
Here they give ofE branches, which break up into capil- 
laries in the layer of connective tissue beneath the epi- 
thelium. The nerves are found in greatest abundance 
at the fundus, in the connective tissue of which it is 
possible to recognize the axis cylinders of their fibres. 
Their terminations are unknown. The blood-vessels 
and nerves of the ureters are similar to those of the . 
bladder. 

The Male Uretlwa has a corpus cavernosmn with a 
fibrous coat and loose tissue similai" to that of the penis, 
only much more delicate. It has a glandular organ, the 
prostata, which supports it The mucous membrane 
permits to be seen beneath it a layer of connective tis- _ 
sue, rich in elastic fibres. External to this are trans-l 
verse and longitudinal smooth muscular fibres, both ia I 
the pars prostatica and membranous portion of the. \ 
urethra. 

The epithelium of the male urethi'a is composed of 
cyHndrical cells (PI. I., B, 1), but in the forward half of 
the fossa navicularis we find papiUEe and pavement epi- i 
theHum. The epithelium of the ducts of the accessory 
glands, as the prostate, Cow|)er's, and Litti'e's, and that J 
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of the vesicula prostatica, is cylindrical and almost in- 
distinguishable from that of the urethra .(PL L, A, 4 
and 5, and B, 3). 

TTie Female Urethra has no bulb ; the mucous layer 
is very vascular, and is lined with pavement epithelium 
(PL L, B, 2 and 3). Only a small number of Littre's 
glands are found. 



CHAPTEK n. 

THE EXCRETION OF THE URINE. 

m 

The function of the kidneys consists in the secretion 
of the urine ; that of the bladder and urinary ducts, in 
the gradual collection, retention, and discharge of the 
same, A perfectly satisfactory explanation of the secre- 
tion and excretion of the urine in all its details is 
wanting. 

Bowman advances the theory (in which he is sup- 
ported by the anatomical construction of the kidneys) 
that the epithelial cells are the secretory organs, aild 
that from the glomeruli only water escapes, which 
extracts the other constituents of the urine from the 
epithelial cells. 

Ludwig bases his theory upon the varying blood- 
pressure in the renal vessels, and the interchange of 
constituents by osmosis through the animal membraues. 
He assumes that the pressure in the glomeruli is greater 
than in the capillary system immediately surrounding, 
and that consequently a profuse exudation of water 
occurs from the Malpighian tufts, which contains dis- 
solved salts (also blood serum, a little albumen, and fat- 
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globules). Accordingly, one finds in the uiTnary canals 
thin urine and in the suiTounding capillaries thickened 
blood. These two fluids of such different densities, 
separated by a thin membrane, cause a ready osmosis, 
by means of which water from the urinary tubes enters 
the thickened blood ; on the other hand, the urinary 
tubes receive from the blood the products of retrograde 
metamorphosis (urea and salts). In this manner the 
watery urine becomes more concentrated and richer in 
ui-ea and salts — a true urine. The absence of albumen 
may be accounted for from the fact that it passes 
through animal membrane with much difficulty and 
only under gi'eat pressure. Under a pathologically 
heightened blood-pressure in the glomemli (as stagna- 
tion of the renal venous system), one always finds albu- 
men in the urine, but never under a physiological 
blood-pressure. Though this theory explains many 
physiological and pathological facts, it does not show 
how an acid mine can be secreted from an alkaline 
blood-serum. Hence the mechanical theory of Ludwig 
attributes to the glomendus a process of filtration, and 
in the further coui'se of the urinary tubes a process of 
osmosis, the office of the epithelium being wholly left 
out of consideration. 

According to GoU and Max Hermann, the difference 
in pressure between the contents of the blood-vessels 
and the urinary tubules constitutes a chief motive power 
which forces the urinary constituents of the blood into 
the uiinary tubules. Consequently if the blood-pressure 
in the renal artery is increased, then there is an increase 
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in the amount of urine secreted; but if the blood- 
pressure in the renal artery is diminished, or the pres- 
sure in the ureter approaches the normal blood-pressure 
in the artery, then is the secretion of urine lessened or 
made to cease entirely, long before the pressure in the 
ureter has reached the amount of pressure in the renal 
artery. 

Ustimowitsch and Griitzner have elaborated these 
theories to such an extent as to demonstrate, by experi- 
ments on the dog, that the secretion of urine is not 
dependent upon the general blood-pressure, but upon 
the local pressure in the glomeruli of the kidney. If 
the medulla oblongata of a dog be divided and the gen- 
eral blood-pressure be artificially increased by a current 
of electricity, the secretion of urine is prevented entirely, 
for the reason that the small vessels of the kidney be- 
come contracted. If now the nerves of one kidney be 
divided, there ensues a profuse secretion of urine on 
that side, while no urine flows through the ureter of the 
other kidney. This is due to the fact that by section of 
the vaso-motor nerves of the kidneys the smallest 
arteries become expanded and relaxed, by which means 
the blood-pressure in these small vessels is increased 
and the secretion of urine brought about. Ustimo- 
witsch also shows that by a diminution of the general 
blood-pressure an increase in the secretion of urine 
ensues. If one, for example, cuts through the sym- 
pathetic nerve, which contains the vaso-motor branches 
for the kidney, the blood-pressure in the aorta is 
reduced, but at the same time an expansion of the small 
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renal arteries occurs, causing an increase of the urinaiy 
secretion. 

Heidenliein and Witticli support the theory of Bow- 
man in regard to the secretory function of the epi- 
thelium ; while they prove, by their experiments with 
indigo, sulphate of soda, urate of aoda, and carminate of 
ammonium, that these substances become separated by 
the epithelial cells. 

K. Muller's investigations show that the excretion of 
urine is increased by the application of cold to the skin, 
as fomentations or dressings ; but by the application of 
heat, as in a warm bath, the excretion is diminished, the 
blood-vessels of the skin being dilated. A diminution 
of the quantity of blood in the skin capUlaries increases 
the urinary secretion ; while an increase of the former 
diminishes the latter. 

According to Wendt, the increase of intra-abdominal 
pressure hinders the excretory process, probably by an 
inci-ease of pressure in the renal veins, by which circum- 
stance, as we know (Ludwig), the secretion of urine is 
checked. 

Maly, Donath, and Posch have proved that, by the 
agency of osmosis, an acid fluid may be obtained from a 
watery solution of several salts (as mono- and di-sodic 
phosphates), which together give a neutral or slightly 
alkaline reaction with litmus. This is a discovery of 
importance, as it obviates the necessity of attributing to 
the i^enal epithelium the chemical property of acid , 
formation. 

Notwithstanding all these theories, there is no hypo- 
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thesis wliicli gives a perfectly satisfactory explanation of 
all the physiological and chemical processes of urinary 
secretion. We must therefore look upon the excretion 
of urine aa a compound process of secretion and filtra. 
tion. 



CHAPTER m. 



TRE VEmE. 



A GENERAL DESCEIPTION. 



The urine is the secretion of the kidneys, and under 
normal conditions is essentially a sohition of such ingre- 
dients as belong to retrograde tissue-metamorphosis. It 
is a solution of urea and chloride of sodium, to which 
are added in less proportion other organic and inorganic 
constituents of the blood, as well as certain foreign 
matters introduced into the organism, which are excreted 
through the kidneys unaltered or having previously 
undergone chemical transformation. 

In a normal condition the urine contains in part 
organic constituents, as urea, uric acid, creatinine, hip- 
puric acid, xanthine, lactic acid, coloring matters, indican, 
grape sugar (Briicke), etc. ; partly inorganic, as chloride 
of sodium, phosphates of sodiun^, magnesium, and cal- 
cium, sulphates of the alkalies, iron, and ammonium 
salts as constituents of the coloring matters ; and gases 
— carbonic acid, nitrogen, and oxygen. In pathological 
urine, besides the normal constituents, are found also 
albumen, grape sugar, inosite, biliary mattera, fat, sul- 
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plmretted hydrogen, coloring matters of the blood, 
nroerythrine (Heller), leucine, and tyrosine, oxalate and 
carbonate of calcium, carbonate of ammonium, cystine, 
pus, blood, epithelium, spermatozoa, fungi, and in- 
fusoria. 

Before we take into consideration the semeiotic sig- 
nificance of the urine, we wiU describe its pecuHarities 
as far as important to our subject, and the most useful 
methods of investigation. 



B. PHYSICAL OHAEAOTERISTICS. 

1. Amount 

The amount of urine excreted by a healthy person, 
who eats and drinks moderately, varies between 1,400 
and 1,600 cc, the mean average for the twenty-four 
hours being 1,500 cc. 

One passes most in the afternoon, less in the morn- 
ing, and the least at night ; for, under ordinary con- 
ditions, in regard to its quantity, the morning urine is 
least influenced by meals and other circumstances, and 
approaches a mean between the excretions of afternoon 
and night. The urine increases in proportion to the 
amount of imbibed fluids {wrma potm). Its amount 
is increased also, though much less perceptibly, by cold 
and atmospheric moisture, whereby the perspiration is 
lessened. During rest, or by such circumstances as 
profuse perspiration or profuse diarrhoea, the mine 
diminishes. 
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3. Specific Gravity. 

The specific gravity of nonnal urine (1,500 ex.) is 
between 1*015 and 1"021. When the amount of urine 
ia lessened, the specific gravity ia correspondingly in- 
creased, standing in inverse ratio. Pathologically the 
urine varies between 1'003 and 1'040. Especially im- 
portant are those cases in which we find with a lessened 
volume a lower, and with a greater volume a higher, 
specific gravity. We often find a higher specific gravity 
in meUituria, in the beginning of acute febrile diseases, 
and after the administration of neutral salts. An in- 
creased amoimt and a specific gravity between 1-030 and 
1'040 is suggestive of meUituria. A lower specific 
gravity is to be observed in hydruria, urina spastica, and 
urina potus. 

The specific gravity is best obtained by means of a 
Pyknometer, or by scales ; though for practical purposes 
less complicated means of investigation answer. For 
immediate determination the urinometer is very con- 
venient, 

The surest method of ascertaining the exact specific 
gravity by the urinometer ia as f oUowa : One fills a 
small standing glass cylinder tube four fifths fuU of the 
urine; the froth being removed by filter paper, the 
urinometer is aUowed to sink into the urine guided b}-^ 
the supported right hand, never being allowed to come 
into contact with the side of the tube. Bring the eye 
on a level with the surface of the urine, and read the 
division corresponding with this surface (not the npi">er 
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rim of tlie fluid raised slightly on tie etem by attrac- 
tion). Touch the stem, causing the urinometer to sink 
slightly in the fluid ; and, when it cornea to rest, read 
again. 

In all urinometrical observations, the urine should 
have a temperature between 12° and 17° C. ; otherwise 
considerable errors may be made. 

If the amount of urine is small, dilute with even 
thi-ee or four volumes of water : test as directed above, 
and multiply the number read ofE by the number of 
volumes made by the dilution. For example : If thi'ee 
volumes of water be added to one volume of mine, and 
we read 1*008, to obtain the I'eal specific gravity of the 
original fluid 1*008 is multiplied by 1 + 3^4 (1-008 X 
4^ 1'032). The solid materials (on which the specific 
gravity depends) which formerly were dissolved in one 
volume are after the dilution dissolved in four vol- 
umes : the specific gravity is therefore only one fourth 
of the specific gi'avity of the original ; or, what is the 
same thing, the specific gravity of the original is four 
times the specific gravity of the dilution. 



3. Solid Ingredients. 

In normal urine the solid materials excreted in 

twenty-four hours ai'e generally 60 to 70 grammes. 
Should we find say 200 gnns., diabetes is indicated. If, 
on the contrary, we find a very small amount of solids 
excreted, say 20 gnns., and the quantity of ui'ine not 
correspondingly diminished, it indicates hydrmia. In 



I 



TEE URINE. 85 

order to estimate the amount of solirl constituents es- 
creted in twenty-four hours, one can employ either the 
coefficient of Trapp (2), or that of Haser (2-33). (For 
the exact determination, see Chapter V.) By multiply- 
ing the decimal of the specific gravity by the coefficient, 

■ we have the result (in grammes) of the weight of solids 

^K contained in 1,000 c,c of urine. Hence, if we have the 
^^1 entire amount passed in twenty-four hours, we can 
^^H easily estimate the weight of aolids contained in the 
^^B whole. For example, we have 1,500 e.c passed in 
^^ twenty-four hours, of sp. gr. 1'020 ; to estimate the 
weight of solids in 1,000 cc, we mnltiply the decimal 
20 (the last two figures) by the coefficient of Hiiser, 
F 2-33 (20X2-33^46-60), and the product, 46-60, is the 
» weight in grammes of the solids in 1,000 cc. of the urine. 
Now by the proportion, 1,000:46'60: :l,500:iE, we 
B. are able to estimate the amount of solid materials con- 
I tained in the excretions of the twenty-four hours. In 
I the given example x would represent the unknown sol- 
L ids, and x = 69'90, the weight in grammes of the solid 
l-materialB contained in the twenty-four hours' secretion 
I of normal urine. 

In the following examples will be considered the 
I'Smount of solids excreted in different urines in the 
■course of twenty-four hours : 

£^ample 1. — Amount of urine, 4,000 cc. ; sp. gr., 



1*007. 



7x2-33 3^ 16-31. 



r 1,000 cc. of this urine contain 16*31 grms. of solids. 
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and 4,000 c.c. contain 65*24. We see in tliis example 
that the quantity of solids is normal, but simply the 
amount of fluid has increased. This may be an indica- 
tion of polyuriaj or may be entirely physiological, as 
urina potus. 

Example 2. — ^Amount of urine, 6,000 c.c; sp. gr., 
1-013. 

13X2-33 = 30-29, solids contained in 1,000 c.c. 
and as 1,000 : 30-29 :: 6,000 : a?, 

(Z?=: 181-74 gnns. 

In this example we find the amount of solids excreted 
in twenty-four hours to be more than double the nor- 
mal quantity. This urine would consequently suggest 
diabetes. 

Example 3. — Amount, 2,000 cc; sp. gr., 1-005. 

5X233 = 11-65. 
1,000 : 11-65 :: 2,000 : a?. 

2,000 cc. contain 23-30 grms. of solid materials. The 
solids are deficient here in the twenty-four hours' excre- 
tion, and hydruria is indicated. 

The differential diagnosis between diabetes insipidus 
and hydruria on the one hand and urina potus on the 
other, as well as between oliguria and normal urine, can 
be made by an estimation of the solid constituents. 

Besides these, other valuable conclusions may be 
drawn from the amount of solids and the specific grav- 
ity; but each case has a special significance. For 
example, if we have a diseased kidney, the amount of 
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[' urine normal or diminished, and witt a very low spe- 
\ cific gravity, then we can determine, since urea com- 
[ poses nearly half the solid constituents, that there has 
I not been a sufficient quantity of the same excreted ; 
[ consequently we may expect urseinia, and very soon. 

As the proportion of the solid constituents to one 

another does not remain constant, therefore we can not 

I estimate accurately any single one from the specific 

gravity. The variation in the amount of solids may 

be 6 per cent, (in urine with abnormal constituents, 

[ even more). For example, if we found yesterday 

1 1,000 parts of urine to contain 50 grms, of solids, and 

I to-day 47 or 53, we can not speak positively of an in- 

[ crease or decrease. 

In judging of the variations of the solid matters 
I from the specific gravity, we must further take into 
I consideration whether the patient has received his cus- 
tomary amount of food, or (as is the case in all febrile 
processes) has fasted. In the latter case we must regard 
I 30 grms. as the average. If a pereon having pneumo- 
|nia, placed upon a strict diet, excretes 40 grms. of solid 
I matters, we must consider it an increase, and that ac- 
complished at the expense of the feverish body. 



The consistence of normal urine is that of a thin, 
I easily dropping fluid. Pathologically it becomes viscid, 
I as when there is a great amount of pus in a strongly al- 
I kaline mine. The urine becomes stringy, similar to the 
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contents of an albiuninous cyst. If we dilute with 
water and add a drop of acetic acid, a copious turbidity 
ensues, indicating the presence of an alkaline albumi- 
nate, formed by the action of a strongly alkaline m-ine 
on the pus. 

Upon the Isle of France, a urine is often obseir-ed 
which soon after passage into the vessel coagutatea as 
lymph and contains fibrine (fibrinuria). In our lati- 
tudes such mine occurs but seldom, and the condition 
lasts but a moment. We have observed temporary fibri- 
nuria in cases of villous tumor of the bladder. In these 
cases the fluid, of a yellowish-red color and containing a 
slight quantity of blood, thickened after a few moments 
to a quivering, jelly-like mass, which could not be 
poured from the receptacle. 

If we shake nonnal urine, a foam appears which 
vanishes soon on standing. If the urine contains sugar 
or albumen, the foam remains for a considerable time. 

5. Color. 

The color of a normal m'iue whose specific gravity 
is 1'020 and amount in twenty-four hom-s 1,500 e.c. is 
wine-yellow. By concentration, it becomes dai'k wine- 
yellow, then amber-yellow ; by dilution it passes through 
pale wine-yellow to straw-yellow. Morning urine 
from freely perspiring peisons has always a darker, 
and from urina potus a lighter, color. The color 
of the urine, besides the physiological changes, is 
subjected to greater variations in disease ; in the latter 
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case the appearance is frequently affected by abnormal 
coloring matters. 

The urmes may be classiiied according to their de- 
parture from the normal standard of color. 

1. Almost colarUss wvm. — EspeciaUy in neuroses, 
there is sometimes a " orina spastica " produced, and the 
urine can scarcely be distinguished from water. By 
other causes, such as hydruria, as well as diabetes, the 
urine is rendered almost colorless, though the yellow 
«olor ia still recognizable. By standing a few hours 

light may become a darker urine. Pale urine 
lOecura when, with a normal amount of coloring mat- 
liters, the water is increased (as in urina potus, urina 
Bpaatica), or when with a normal amount of water 
the coloring matters are in less quantity (as in granu- 
lar kidneys) ; but in most cases an Increase of water 
and lack of coloiing matters concur in mftking the 
urine pale, 

2. Highly colored urine. — These urines are dark yel- 
low with a tendency to red, even to flame-red. This is 
not simply due to a concentration of the urine, but 
often depends upon the presence of uroeryihrine. This 
is brought about by acute febrile processes in a stage of 
increase or climax. 

3. Blood-red or ga/met-red wrine is always caused by 
foreign coloring matters. A number of vegetable mat- 
ters excreted through the kidneys impart to alkaline 
mine a red color. A similar appearance is caused by 

le passage of blood into the urine (for proof of which 
Bee chapter on abnormal coloiing matters). 
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4. Darh brown to Tiemiy hlaeh uriiie is induced by 
methamoglobine from diseases of the kidney, eapeeially 
liaemorrh^e ; also by tlie passage of biliary coloring 
matters into the uiine (icteric urine), and by the passage 
of coloring matters as yet comparatively unkno\vn ; for 
example, when colored by long-contiuued intermittent 
fever. 

Sometimes, after long standing, urine of melanotic 
cancer becomes almost black, because the coloring mat- 
ter of melanotic cancer has been found in the urine 
without the existence of the cancer; and vice verm, 
melanotic cancer being present and the color wanting in 
the urine, we are not able to use this as a means of posi- 
tive diagnosis. After the external use of carbolic acid 
(for example, Lister's dressing), we ai'e apt to find very 
dark urine, though this appearance is not always con- 
stant. In children the urine is often seen to be colored 
after some time, from the surface toward the bottom. 
In leprosy the fact is observed that toward death the 
chai'acteiistic dark-red urine becomes dai'k-brown (uro- 
rubrohsematine). 

5. Green wnne of a dirty hue comes from jaundice, 
and is caiised by presence of biliverdine, having the 
same significance as broi^Ti icteric urine. (For a con- 
sideration of biliary coloring matters, see chapter on 
abnormal coloring matters.) 

6. Dirty-blue wrine. — This shows generally a dark- 
blue skin and a similar sediment from indigo. This has 
always an alkaline reaction, and exists chiefly in connec- 
tion with cholera and typhus. 
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Normal urine is always clear and transpai-ent, and 

LOWS after standing some time a mucus-cloud. Micro- 

ipically we find isolated pavement epithelium and 

'oung cells. The urine of women shows usually a 

denser mucus-cloud (nubecula) and more epithelium 

(generally overlapping), which comes from the vagina. 

Pathological urine may become clouded from any of 

lOse substances which after long standing form a 

Lent. 

If we desire to prove by chemical means the origin 

fpf this cloudiness, we proceed as follows : A test tube 

IB a third filled with the urine to be examined, and is 

carefully heated over a Bunsen burner or spirit lamp. 

(d.) If the cloudiness disappears, salts of mic acid 
(urates) are indicated, which were suspended in the 
urine on excretion. 

(i.) If the cloudiness increases, on the other hand, 

Icinm carbonate, suspended earthy phosphates, or the 

Ibuminous cell elements (pus, blood) are indicated. 

To distinguish between the above, we add a few 

drops of acetic acid. If the urine clears up, the earthy 

phosphates composed the cloudy precipitate. If, on the 

iontrary, it becomes more cloudy, this in most cases is 

Lue to suspended pus or blood, 

((?.) If it remains unchanged, or we notice after the 
addition of acetic acid a slight inci'ease of the cloudi- 
ness, mucus and bacteria are present in unusual quan- 
tity. 
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Normal urine shows at times a peculiar white fluo- 
rescence, the cause of which is not exactly understood. 
Alkaline urine shows by reflected light a greenish, by 
transmitted light a yellowish-red, color. Some urines 
show the spectrum of ui'obiline. 

7. Od^. 

The odor of fresh normal urine is slightly aromatic. 
The cause of this is at present unknown. U the urine 
has become alkaline by standing, we perceive an ammo- 
niaeal odor. Fi'om destructive processes in the bladder 
we observe frequently a peculiarly repulsive, foul, and 
even faecal smell. By the use of certain foods and 
medicines, the odor of the urine is strikingly altered. 
For example, asparagus, cauliflower, etc., impart a repul- 
sive smelL Turpentine administered internally induces 
the perfume of violets. The odorous principles of 
cubebs, saffron, and some other substances pass into the 



8. Reaction. 

Normal urine possesses an acid reaction, which is 
due especially to the acid alkali-phosphates. The acid 
reaction may be also due to the presence of a free 
organic acid (lactic ?) ; but the part this acid plays is a 
subordinate one. If we add to a fluid containing free 
acid a solution of hyposulphite of sodium, it causes a 
turbidity which occurs instantly or in a few minutes 
(by the separation of sulphur), according to the amount 
of free acid present. If we apply this test to urine, 
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after twenty-four hours there ia but a slight precipitate, 
if any. There can consequently be only a small amount 
of free acid in the urine, although this proof ia rather 
unsatiBfactory. 

Sometimes, directly after a meal, an altaline ui'ine 
ia passed ; but after a few hours this phenomenon disap- 
pears, and it ia without clinical significanee. 

A strongly acid reaction of the urine is important to 
the physician, inasmuch as it gives rise to the origin of 
certain sediments or concretions which imtate the kid- 
neys and urinary passages (Vogel). 

By standing, an acid urine becomes neutral or 
alkaline. By administration of the alkaline or earthy 
carbonates, or the salts of the vegetable acida (acetic, 
malic, tai-taric, etc.), which in the oi-ganism become car- 
bonates, an alkaline reaction ia imparted to the mine ; 
just as the ammonium carbonate, which is formed from 
urea by the taking up of the elements of water, renders 
the urine alkaline after standing. At first the ammo- 
nium carbonate just suffices to neutralize the mine ; 
consequently the neutral reaction has the same significa- 
tion as the alkaline. 

A strongly alkaline urine may almost always lead us 
to conclude that an affection of the bladder exists — ^if 
we exclude the formation of the carbonates by decom- 
position. 

The reaction of the urine is usually tested with deli- 
cate blue and red litmus paper. We must observe 
whether the urine is alkaline when it is excreted fi-om 
the bladder, or has become ao after its passage, and in 
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what length of time it has become alkaline ; and further, 
whether the alkalinity is due to the ammonium car- 
bonates (from the breaking up of urea) or the fixed 
carbonates (taken into the body as nourishment or 
medicines). We may determine to which the alkalinity 
is due ; for in the first case, on exposure for some time 
to warm air, the red color of the litmus paper will 
return ; but, if the reaction is from fixed alkalies, the 
test paper remains blue after drying. 

Sometimes we observe urine which colors blue litmus 
paper slightly red, and the red paper slightly blue. 
This reaction is known as amphoteric. It has no satis- 
factory explanation, and is without setiological value. 



C. CHEMICAL COMPOSITION. 

a. Nbrmal Organic Constituents. 

In referring to the constituents of the urine, so 
called, the following table expresses the average quan- 
tity of each excreted in twenty-four hours : 



COKBTITUEKTS. 


Obammbs. 


Pbb Ckht. 


Total solids 


60 —TO 
30 —40 
0-4— 0-8 
0-6 1-0 
0-3— 1-0 
10 —13 
0-9 1-3 
2-5— 3-5 
1-5— 2-5 


4-3 —4-6 


Urea 


2-5 — 3-2 


Uric acid * 


003 —0-05 ' 


Creatinine 


0-036— 0-062 


Hippuric acid 


0-02 — 0-06 


Chlorides 


0-r —0-8 


Earthy phosphates . . 

Phosphates 


0-07 —0-08 
0-19 —0-22 


Sulphates 


0-16 —0-17 


^ 1 

1 
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We see from thia tliat urea and the chlorides are the 
principal conatituents. It is apparent that, if one of 
these matters \s wanting or is excreted in diminished 
quantity, it will influence greatly the specific gi'avity. 
This does not hold true to the same extent with the 
other constituents, which are relatively excreted in very 
small quantity. 

The dissolved gases are of little importance. Car- 
bonic acid gas exists in greatest quantity— 60 to 150 c.c. 
in 1,000 c.c. of urine. Nitrogen is next in amount, 
and there are only traces of oxygen. 

1. Urea. 



Urea, CO N^ H4, is the most constant of all the con- 
stituents of the urine, and exists in gi-eatest quantity, 30 
to 40 grms. being secreted in twenty-four hours by a 
healthy adult. On a flesh diet more is excreted, less 
upon a mixed, and least of all upon a strictly vegetable 
diet. From inanition the secretion may fall to 20 and 
even to 15 grms. In calculating the extent of tissue- 
metamorphosis, if the patient is on a low diet these 
latter figures must be considered the average. 

The simplest way of separating the urea fi-om a 
urine is to throw down the inorganic salts by addition 
of the usual barium mixture,- filter, and evaporate tlie 
filtrate to dryness ; extract with common alcohol, filter, 
evaix)rate the filtrate, and allow the crystals of urea to 
fonn by adding absolute alcohol and setting aside to 
evaporate spontaneously. Another method is as fol- 
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lows: Evaporate the urine to a thin sirop, and add 
concentrated nitric acid in the cold, whereby the nitrate 
of urea \s precipitated. These crystals are now treated 
with carbonate of barium, and the urea is extracted 
from the dried mass by means of alcohol. 

Synthetically urea can be formed from eyanate of am- 
moniiun. We fuse 80 parts of anhydi'ous ferrocyanide 
of jiotassium with 30 paits of carbonate of potassium in 
a crucible, and the resulting jiotaseium cyanide (KCN) 
is converted into potassium eyanate (KCNO) by oxi- 
dation with lot) parts of red oxide of lead at a gentle 
heat. The white melt is then thrown upon an iron 
plate. After cooling, the potassium eyanate (KCNO) 
ia dissolved in a solution of 80 parts of ammonium sul- 
phate ((MI^)a SO*) to 500 parts of water. Then by 
decomposition we have ammonium eyanate and potas- 
sium sulphate (NH^ CNO and Kj SO4), filter, and evapo- 
rate the filtrate to dryness. Duiing the evaporation 
the relation of atoms is changed, so that from the eya- 
nate of ammonium urea is formed. 



I 






C0< 



/NR 



The mass resulting from the evaporation is then 
extracted with boiling alcohol, 100 grms. at a time, and 
allowed to crystallize. 

Urea crystallizes microscopically in white, glisten- 
ing needles, macro3co]iiealIy in long, clear, four-sided 
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prisms, the ends of wMcli are terminated by one or 
two oblique planes, Theae are very soluble in water 
and alcohol, but insoluble in ether. By heating on 
platinum foil, ammonia ia generated freely. If we 
add a solution of urea to a stale urine or to a secre- 
tion from bladder catarrh, in contradistinction to its 
synthetical formation, it decomposes (by taking up one 
molecule of water) to 1 mol. carbonic acid, and 2 mola. 
ammonia (CH, NjO-j-HaO^COj+aNHs). This de- 
composition ensues when urea is boiled with mineral 
acida, fuaed with cauatic alkalies, or heated with caustic 
baryta in a closed tube. With nitrous acid or with 
hypochlorite or hypobromite of sodium, the nrea de- 
composes, forming carbonic acid, water, and nitrogen. 

Mercuric nitrate gives with solutions of urea a white 
flocculent precipitate, which, according to the concentra- 
tion and temperature of the fluid, contains three or four 
equivalenta of mercury to two of urea. Urea also enters 
into combination with chloride of aodium. 

If we add pure nitric acid to a concentrated 
urine or a concentrated solution of urea, we obtain 
beautiful microscopic and often macroscopic rhombic 



If we only have a drop of a fluid containing nrea to 
be analyzed, we add a drop of nitric acid on an object- 
glass, and after warming slightly set it aside to crystal- 
lize. With the microscope we see single rhombic or 
hexagonal plates, or we observe them in greater mass 
more or less perfectly formed, arranged in shingle-form 
layers, exhibiting tlieir acute angles (nitrate of nrea. 
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PI. ni., A, 1). The acute angles are 82°. The proof 
by forming nitrate of urea ia moat frequently used, on 
account of the characteiiatic shape of the crystals. 

With albuminuria the nitrate of urea crystallizes 
io penicillated needles. (K. B. Hofmann, " Zooche- 
mie.") 

Upon the addition of oxalic acid to a concentrated 
solution of urea, crystals are formed -which in appearance 
resemble those of urea nitrate (PI. III., A, 1) ; the for- 
mer crystals, however, appear more JiTcgular in shape 
than the latter. This reaction is only employed to con- 
firm what has been already proven by the nitric acid 



AH tests for urea must be applied to concentrated 
urine. If albumen ia present, it must be separated by 
coagulation and filtration, and the filtrate concentrated. 

In order to determine that a given fluid is urine, the 
presence of urea and uric acid must be proved. If 
there are only a few drops of the fluid, the micro- 
scopical test for nitrate of urea is to be employed ; but 
it must not be forgotten that transudates may also con- 
tain urea. 

As urea is present in greater quantity than any other 
constituent of the urine, its percentage may be deter- 
mined, at least approximately, from the specific gravity 
of the fluid,- provided a normal amount of sodiiim 
chloride is present, no sugar, and no great quantity of 
albumen. 

If the urine to be analyzed contains a normal amount 
of chlorides, neither albumen nor sugar, and has a spa- 
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eiflc gravity of 1"020-1*024, urea can be said to be 
present in normal pereent^e (2-2'5 per cent.). 

If, under the above conditions, the specific gravity is 
higher or lower, there will be a corresponding increase 
or decrease in the amount of urea present. If the spe- 
cific gravity is 1-014, the urine contains about 1 per 
cent, urea ; if, on the other hand, the siiecific gravity is 
1"028-1'030, the urine contains 3 per cent. urea. 

If the chlorides exist in small amount or are inappre- 
ciable, as is sometimes the case with urine of acute 
fevers, and the specific gra\'ity is normal, then urea 
exists in greater than usual percentage. For the chlo- 
rides have a second place (albumen and sugar excepted) 
in influencing the specific gravity, and if these are 
wanting and the apeciflc gravity is I'OSO, we know it is 
due to an excess of urea ; for, even if all the other con- 
stituents were excreted in double quantity (as uric acid, 
creatinine, phosphates, and sulphates), they would have 
no appreciable influence on the specific gravity. 

If albumen is present in but small quantity (up to 
0'2 per cent.), which fact we can ascertain approximately 
by the nitric acid teat, we need not take it into con- 
sideration; for, if the albuminous precipitate is not 
massive nor curdled, but white, cloudy, and translucent, 
it has no especial influence on the specific gravity. But, 
if the urine contains more albumen (1-2 per cent.), it , 
must then be separated by coagulation and filtration. 
For this purpose it is best to take a certain quantity, 
say 50 cc, and heat to boiling with a few drops of acetic 
acid, filter the urine from the eoi^ulated albumen, and 
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wash with diBtilled water until we have a volume of 
fluid equal to that at the beginning (50 cc.). We then 
find the specific gravity of this urine freed from albu- 
men. 

Usually albuminous urines have a less specific grav- 
ity than the normal; because, thi-ough diseases of the 
urinary organs, the latter are unable to excrete the 
amount of solids (especially urea) that the healthy or- 
gans excrete, and consequently the specific gravity of 
the urine is less. As regards the specific gravity, ex- 
creted albumen is very seldom present in such quan- 
tity as to make up for the want of (irea. 

If sugar exists in great quantity in a urine, the per- 
centage of urea is always diminished : although, in the 
total amount of urine excreted in twenty-four houi-s in 
diabetes, the absolute quantity of urea ie increased. 
The high specific gravity of such urine depends upon 
the sugar. 

Notwithstanding certain claims, up to the present 
time urea has not been foimed artificially from proteine 
substances ; but we must regard such substances as its 
only source. 

Urea owes its origin in part to the retrograde meta- 
morphosis of tissue (including the blood), and partly to 
the breaking down of the unasaimilated nitrogenous 
principles. Whether it arises through gradual oxida- 
tion, whether its molecule is split off from a more com- 
plex molecule by a process of fermentation, whether it 
is a splitting up of the albumen molecule itself, or 
whether a gradual disintegration of the albumen mole- 
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cules leads to the fonnation of smaller molecules from 
whicli urea results by oxidation, is up to this time unde- 
cided. 

It is known that certain combinations of the uric 
acid gTOup (uric acid, aJlantoine, creatine, sarldne, xan- 
thine, guanine) and the known derivatives of the pro- 
teines (glycocoU, leucine, asparagine), when introduced 
in lai^e amount, cause an increase in the quantity of the 
solids excreted. 

Urea may under certain conditions be present in 
such amount that the simple addition of nitric acid to 
the urine forms a thick pulp of nitrate of urea. This 
may take place — 

(1.) From a predominant animal diet, 

(2.) In acute febrile processes, until the crisis of 
the disease. The urea aiises in these cases from 
an increased disintegration of the nitrogenous ele- 



(3.) In diabetes insipidus and diabetes meEitus. 

On the contrary, the amount of urea is lessened — 

(1.) By a predominant vegetable diet, and ^yJ faat- 
JDg. 

(2.) By chronic disease, when the tissue-metamor- 
phosis is checked (cachexies). 

(3.) By parenchymatous nephritis, accompanied by 
uraemia, especially toward the fatal end (7 grms.). 

The percentage of urea is diminished in urina potus, 
urina spastica, and diabetes. But in the whole quan- 
tity of urine passed in twenty-four hours the amount of 
area is increased, or at least is normal. 
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2. Uric Add. 

Uric acid (Ce N^Hi Og) ia a constant constituent of 
the urine of the camivora. From a healthy man 
0-4-0'8 grm. is excreted in twenty-four hours. 

It is soluble w-ith difficulty in 15,000 parts of cold 
and in 1,800 pai-ts of hot water, inBoluble in alcohol and 
ether. It is fi'om these circumstances that uric acid ex- 
ists in but small quantities in the urine in a free state, 
but generally is found in combination as urates. 

In a warm solution of the normal alkali phosphates, 
uric acid dissolves more readily than in water, because 
it takes up from the phosphates a part of the alkali, 
forming an acid alkali phosphate and an alkali urate. 

Free uric acid as well as the urates (salts of uric 
acid) appear colored in the sediment, and the more in- 
tense their color the more highly is the mine colored. 

lu order to obtain uric acid from the urine, we add 
one part of HCl to 20 parts of mine, and let it stand 
twenty-four horn's. It appears on the bottom and aides 
of the beaker as a fine powder, and on the surface of 
the urine as a film. The forms of the uric acid crystals 
are wedge- and whetstone-shaped ; i. e., they are rhom- 
boldal vertical prisms. (PI. II., A.) It appears in these 
forms as a natural sediment. If the uric acid, however, 
is separated by means of hydi'ochloric acid (HCl), then 
the crystals are somewhat changed ; they appear much 
thicker and more deeply colored. 

Generally we find under the microscope either dou- 
ble wedges in cross form, or groups of thin and long 
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wedgea or needles parallel to one anotlier, some of 
which resemble a comb with teeth on either side. Oc- 
casionally we find single long whetstone- or needle- 
I shaped crystals. (PL II., B.) If we filter the solution 
containing the uric acid crystals precipitated by HCl, 
and dissolve the crystals in potassium or sodium hy- 
drate (KOH, NaOH), and then precipitate again by 
HCl, the separated ciystals are much whiter. Snow- 
white crystals may be obtained by repeating this 
process. (PI. II., A.) The crystals of uric acid may 
also be pui-ifled by dissolving them in sulphmic acid 
(HgSO^) and precipitating by addition of much water. 

In freshly passed urine we should never find a seili- 
ment of oric acid or orates. If we find this condition 
often, we must suspect stone or gravel. It happens fre- 
quently that with stone or gravel, uric acid may be ex- 
creted in the form of millet and fiasaeed concretions, 
which are too large for a microscopic investigation, and 
therefore no sure di^nosis of their constitution can be 
made. In such cases we can very suitably prove the 
presence of uric acid in a chemical way by the murexide 
test. 

Murexide Test—^ov this test rub up the concretion 
I in a small mortar, and throw into a porcelain dish ; add 
I a few drops of nitric acid (HNOg) and a little water, 
I and warm carefully over a fiarae until the uric acid has 
I dissolved ; then evaporate cautiously almost to dryness. 
1. Already during the evaporation we notice, if uric acid 
f be present, onion-red streaks on the walla of the dish, 
which vanish suddenly as that portion of the dish ap- 
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proaches the flame. If, when the fluid has evaporated 
nearly to dryness, we add a drop of ammonia to the resi- 
due, the whole interior of the dish becomes a beautiful 
purple-red color (murexide acid = jmrimrate of ammo- 
nia). If we add, on the other hand, a drop of concentrated 
KOH to the residue, we obtain a beautiful violet-blue. 
The murexide reaction depends ou the fact that by the 
addition of IINO3 and heat, first alloxan and then allo- 
xantine is formed, which on adding ammonia becomes 
murexide. 

Instead of the murexide test, we may also dissolve 
the powdered concretions in some caustic potash and 
precipitate with hydrochloric acid (HCl). We can 
easily distinguish the characteristic whetstone crystals 
of uric acid, if it be present, by placing the crystals 
immediately under the microscope. ^ 

If we have but a small quantity of fluid (say 5 ac.) 
to test for uric acid, we place it in a watch glass with a 
fine linen thread, add a few drops of acetic acid, and let 
it stand twenty-four hours at a temperature of 15° R., 
and observe with the microscoi^e whether uric acid has 
crystallized upon the thread. 

If we add to an alkaline solution of \mc acid a weak 
cupric sulphate solution, a white precipitate of a cupi-oua 
uj'ate falls. If we add a concentrated cupric sulphate 
solution and boil, we obtain a precipitate of cuprous 
oxide fi'ee, as a red powder. In the latter case the 
oxide is reduced to suboxide, and the oxygen goes to 
oxidize the uric acid. (In the colorless solution we find, 
besides urea, allantoin and oxalic acid.) 
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Nitrate of silver in tte cold ia readily reduced by 
on alkaline eolution of uric acid. Wten a drop of the 
silver nitrate on a fQter paper ia touched with the uiic 
acid solution, there results (if there is contained ■j-ii''inr 
per cent, uric acid) a black or (if there is contained 
TTT ^Sd tt P^^ c%nt. uric acid) a brownish-yellow spot. 

Uric acid in presence of an alkali is oxidized by 
ozone to urea, ammonia, oxahc acid, and carbonic acid ; 
without an alkali, to urea, carbonic acid and aUantoio. 

Uric acid furnishes under the influence of various 
oxidizing agents, besides the customary urea, a great 
number of interesting decomposition products which 
may be regarded as ureas, in which the hydi-osyl is re- 
placed by an acid radical. The uric acid itself appears 
to contain the residues of two urea molecules,* 

Uric acid ia dibasic, and forms correspondingly two 
Beries of salts, neuti'al and acid. 

The neutral salts are readily soluble in water, the 
acid salts with difficulty. One part of the acid urate of 
sodium is soluble in 124 parts of hot and 1,150 parts of 
cold water. Consequently, if we find salts of uric acid 
in the sediment, we know that they are the acid salts ; 
on the other hand, if we have uric acid salts in solution 
after the urine has stood and ia of the same temperature 
as the surrounding air, we know that the greater amount 
consists of neutral salts. This view is supported by the 
fact that when we add to such a urine a few drops of a 
strong acid, viz., HCl or HNOg, the nrine at first be- 

* (K. B. Hofmann, " Zoocheinip," " Abbildungcn von AUoian, AllosantLn, thi- 
Ammon, Uramil, Parnbaosaure.") 



» 



fe. 



J 



9§ ANALYSIS OF THE URINE. 

comes turbid. If now we examine by tlie microscope,! 
we find no characteristic uric acid crystals, but we e 
simply an amorphous punctiform mass, which consiete of \ 
the acid urate of sodium. If we allow the urine con- I 
taining the turbid cloud to stand for some time, the 
cloud gradually disappears, and in its place we find a 
distinct crj'stalline sediment of free uric acid. This 
reaction can not be more simply explained than that, 
having found neutral uric acid salts in solution, we have 
changed them to acid urates precipitated as a cloud, by; 
the addition of an acid ; for the added acid has taken up 
some of the alkali of the eoluble neutral urates, au^ 
transformed it to acid urates. The acid by a longei 
action on these takes up the rest of the alkali, and th« 
line acid crystallizes. 

It must be remembered that when the test for albu-l 
men is performed by pouring HNOg down the side of %■ 
wine glass, between the two fluids which do not mix I 
there appears a thick white cloud, often mistaken foF 1 
albtimen, but consisting of amorjihous acid urates, whicfc 1 
by longer standing pass over into crystalline uric acid. 

The acid ui'ates of sodium and ammonium will be 
described later, in connection with the sediment. The 
causes of the increase or decrease in the amount of uric 
acid in the urine have not as yet been satisfactorily ex- 
plfflned. 

Uric acid is recognized as the first step in the formar 
tion of urea, although it is not probable that all the urea A 
in the body passes through this stage. By the accept- ( 
auce of this would be exjalained the increase of uric acid I 
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in all those cases where the oxidation of the nitrogenoua 
products is inaufficient ; it may be that either too little 
oxygen has been inti'oduced into the organism, or too 
much uric acid has been formed to be oxidized by the 
amount of oxygen present. There are many facts, how- 
ever, not in accordance with this explanation. 

Uric acid, as a derivative of proteine matters, has a 
similar significance to urea, as regards tissue-metamor- 
phosis. We will therefore generally find an increase of 
uric acid where urea ia excreted in greater than normal 
quantity. 

We find, in accordance with this, an increase of uric 
acid — 

(1.) From rich animal aa well as vegetable diet, and 
too httle exercise in the fresh air. 

(3.) In acute febrile pi'ocesses, which cause much 
breaking down of the nitrogenous elements of the body. 

(3.) In lung and heai't diseases, with dyspncea 

(4.) In all cases where the diaphragm is impeded in 
its function, i. e., as with large tumoj-s of the abdomen, 



(5.) In leucKemia, either mth an increase of uric acid 
in the diseased spleen, or with diminished oxidation 
power of the red corpuscles, the carriers of oxygen — 
impoverished blood. 

(6.) With the so-called uric acid cachexy. 

ji decrease of uric acid occurs usually in chronic af- 
fections of the kidney, diabetes meUitus (sometimes), 
uiina spastica, hydmria, and arthritis. 

The amount of uric acid in the urine may be approxi- 
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matively determmed in the following way : Normal 
urine, of specific gravity 1'020-1'034, sliowa in the eedi- 
ment either uric acid or the urates at the nomial tem- 
peratui-e. The former may be isolated by the nitric 
acid reaction. 

If we concentrate a normal urine, we observe a small 
amount of free uric acid in the sediment, and by means 
of the nitric acid test a delicate layer of urates is seen. 
If in these cases the specific gravity is high, the urea is 
increased, as is also the uric acid. If we find with the 
normal amomit of urine a considerable " brick-dust " 
sediment and also urates in solution, or if we find a con- 
siderable sediment of free uric acid, then the amount of 
uric acid may be considered as large. If the amount of 
urine is less than normal, we can not draw this conclu- 
sion. In this case we may have a sediment from the 
nonnal amount of urates, if the amount of water is not 
sufficient to hold them in solution at the usual tempera- 
ture. 

In general, whenever the urea is in less quantity, the 
uric acid is also diminished. All that has been said 
refei-s only to the percentage. If we wish to estimate 
the entire amount excreted, we must take into considera- 
tion the amount for twenty-four hours. It is most ad- 
vantageous to compare with the normal urine. The 
average amounts to 1,500 cc, and we have to add as 
much water to the concentrated urine as will biing the 
amount to this standard. If in twenty-four hours only 
1,000 C.C. has been passed, we must add 500 c.c. of water, or 
what is the same thing, to every 10 c.c, of urine 5 c.c. of 
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water. We pour iuto one of two narrow test-tubes 
15 C.C. of normal urine, and into tte other 10 c.e. of the 
urine to be examined and 5 ex. of water, and, after add- 
ing 10 drops of HNOg to each, set them aside for 
twenty-four hours. From the amount of uric acid pre- 
cipitated, one can easily estimate whether there is more 
or less uric acid precipitated in the urine to be tested 
than in the atandaixi urine. If more than the normal 
amount of urine has been excreted in twenty-four hours, 
there must be a corresponding dilution of the standard 
urine. 

3. Cohring Matters. 

In normal urine there is a chromogenoua matter (in- 
dican) and a pigment (ui-obUine) ; and several other 
well-characterized bodies are found in the urine, as well 
as one or more pigments which have not been satisfac- 
torily isolated. 

a: Urobil'me. Urobiline is a brown resinous mass 
which is easily soluble in water, more readily in alcohol, 
ether, and chloroform. The concentrated solutions ai'e 
brown ; by dilution they become yellow and finally rose- 
red. They do not react upon litmus, show in reflected 
light a beautiful gi'een fluorescence, and in the spectrum 
a dark absorjition band between Fraxmhofer's lines b and 
F. The fluorescence and absoiption band become more 
distinct if we add to the solution some ammonia and a drop 
of chloride of calciiun. By the addition of hydrochloric 
acid (HCl) the fluorescence vanishes. By acidifying the 
urobiliue solution the absoiption band recedes towai'd 
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F, becomes paler, and stows more indistinct edges. If 
we add ammonia to the acid solution, the bro\vn or red 
color changes to bright yellow with a greenish tinge. 
The alkaline solution shows the absorption band in the 
same place (if anything, nearer to b) as the original 
solution. 

Dark fever urine is better suited for the separation 
of urobiline than normal urine. The latter involves too 
much work. We render the urine strongly alkaline 
with ammonia, filter after some time, and add chloride 
of zinc solution as long as a precipitate is formed; wash 
the precipitate upon a filter with cold, then \vith hot 
water, until nitrate of silver solution causes no turbid- 
ity ; boil the mass with alcohol, dry at a gentle heat, 
dissolve the powdered mass in ammonia, and precipitate 
the solution with lead acetate ; wash the precipitate with 
a little water, and take it up in a small amount of alco- 
hol containing some sulphuric acid, and filter again. To 
the filtrate we add an equal volume of chloroform, and 
shake, adding fresh volumes of water to separate the 
sulphuric acid, until a color is perceived. The urobiline 
is obtained as a resinous mass by evaporating the chlo- 
roform. 

Urobiline is, according to Maly, a reduction product 
of bilirubine. Hoppe-Seyler has succeeded in obtain- , 
ing a product identical with urobiline (Maly's hydrobili|l 
rubine*) from the coloring matter of the blood, 'bj 
treating with hydrochloric acid and tin. By injection 
of substances which cause the breaking up of the blood 

• See "Annalan der Chemie," 183, p. 77, and Ilotiuaiia, '■ Zoouhcmie," p. 230. 
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corpuscles, the formation of bile-coloring matters is pro- 
moted ; so it is hardly to be doubted that urobiline is a 
secondary or direct reduction product of hsemoglobine, 
and that its increase possesses an interest for the phy- 
sician. Such a condition is found in febrile proeessea, 
and indicates therefore a greater breaking down of the 
red-blood corpnsclea 

Urine which, on addition of ammonia and a little 
chloride of zinc solution, shows a green fluorescence and 
the characteristic absorjition band, should be regarded 
as moderately rich in urobiline. 

Scherer's urohEematine, Heller's urophEeine, Thudi- 
chum'a urochrctme, etc., are bodies for whose existence 
as proximate principles there is no guarantee. Maly 
has shown further that urochrome and urohEematine 
both contain much urobiline. 

^. Indicmi. More recently Heller has shown that 
by the mixing of the urine with nitric acid a peach- 
blossom red, violet, or deep-blue color appears. The red 
he ascribed to urorhodine, the blue to uroglaucine ; and 
the base from which both arise, and which he regard- 
ed as a yellow coloring matter, he called uroxanthine. 
Uroglaucine is found in spontaneously putrid urine, in 
the sediment or as film on the surface ; this has been 
recognized as indigo, in that it is identical with plant- 
indigo in aU its peculiarities (crystallizing in needle form, 
subliming aa a red vapor, and being deprived of color 
by reduction agents, as sulphate of iron), 

Uroxanthine is regarded as identical %vith imlican, a 
derivative from which is white indigo, which is found in 
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Later investigation has rendered it proba- 
ble that the indigo-producing substance of the urine 
differs fi'om plant-indican. We ^vill call it urine-intlican. 

If we do not desire a large quantity of pure urine- 
indican, we may precipitate fresh urine with neutral and 
basic lead acetate, treat the filtrate with ammonia, sus- 
pend this jirecipitate in alcohol, and permit a stream of 
hydrogen sulphide to pass through ; filter from the sul- 
phide of lead, and evaporate with a gentle heat, finally, 
over sulphuric acid in 'vacuo. The urine-indican thus 
obtained is a pale brown, bitter-tasting simp. By a 
more complicated method we can obtain it in quantity. 
(Hoppe-Seyler, "Chemische Analyse," 4th edition, p. 
191.) 

The urine-indican is not a glycoside, as by splitting 
up (contrary to older writers) it yields no sugar (indi- 
gluclne), but is a sulpho-conjugate compound of indol, 
because by addition of HCl a large amount of Hj, SO4 is 
liberated (Baumaiin). In a free state this acid ether is 
unstable, and decomposition as well as the action of 
mineral acids splits it up. In both these cases an oxida. 
tion takes place ; consequently the formation of iudigo 
does not consist in a simple breaking up. One product, 
as we have before shown, is indigo ; the second is a red 
body, the sublimate of which condenses as fine red 
needles, and is identical with Heller's urorhodine. On 
the different proportion of both decomposition producta 
depends the color, which the addition of HCl to the 
mine brings about. 

If concentrated sulphuric acid (Hg SO4) is mixed 
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with a double volume of urine (which should be 
di'opped in from some height), the mixture assumes a 
more or less gamet-red color. The color appears to be 
brought about by various decomposition products (per- 
haps the coloring matters) of the urine. When present, 
sugar, albumen, and biliary matters, as well as their 
decomposition products, undoubtedly take part in this 
color formation ; in which case the mixture becomes quite 
opaque and dark brown. (Heller's urophseiue test.) 

By the mixture of Hj SO^ with the urine, a strong 
heat is evolved, which causes the separation of several 
constituents, as iodine, the odorous oil of cubebs and 
saffron, etc., which ai'e perceived by the smelL In 
parenchymatous inflammation of the bladder a repulsive 
odor is developed. 

There are many methods of proving the easy chemi- 
cal decomposition of urine-indican in the urine. The 

I oldest is the uroxanthine test of Heller, already men- 

I tioned. 

(1.) Ths woxanthiTie tent is as follows : Pour 3 or 4 
cc. of pure HCl into a small beaker glass, to which 
while stirring add 10 to 20 drops of urine. In a 
normal proportion there exists only enough urine- 
indican in the urine to color the hydrochloric acid 
mixture a weak yellowish-red. A greater proportion 
colors the HCI mixture violet or blue. The richer a 
urine is in indican, the more intense will be this color 
reaction. Often one or two drops of urine suffice to 
color 4 cc. of HCl a beautiful blue. If in one or two 
minutes no color appeal's, the urine-indican is not exces- 
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sive, even if in ten or fifteen minutes a dark red-brown 
color apj>ear8. 

If we wish to test an icteric urine for indican, we 
must first remove the bile-coloring matters by lead 
acetate, and test the filtrate for urine-indican, though 
some is lost by this method. 

The color of the urosanthine test has unfortunately 
little value, as it does not indicate the amount of urine- 
indican, but only its capability of decomposition, which 
seems to vary. How varying this is, is shown by the 
circumstance that the urine-indican contains sometimes 
more indigo-blue and sometimes more indigo-red. It 
must be obsei"ved also that albumen, when treated 
with HCl after standing a long time, or by heating, 
develops a violet color. The dark blue color, despite 
the faults that may be attributed to this method, 
can be regarded as a sure indication of urine-indi- 
can. 

(2.) Jaffis test. — Mix 10 c.c. of strong HCl with an 
equal volume of urine, add a drop of solution of so- 
called bleaching powder, or some chlorine water, and 
observe the color. 

(3.) Stohois^s test. — Warm 5 c.c. of urine with twice 
the amount of common nitric acid (to 60-70° R,), and 
shake with chloroform, which takes up the indigo. 
The chloroform shows in the spectrum the characteristic 
band of indigo between C and D, 

Here we will simply refer to an interesting method 
of E. Salkowsky (Virchow's "Archiv," VoL 68, p. 
40V). If indol is introduced into the organism, the 
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amount of urine-mdiean, excreted will be increased. 
The same follows if the small intestine be ligated so 
to destroy ita permeability ; for now by pancreatic 
digestion (in the latter stages) much indol will be 
j formed. This is evidently reabsorbed into the blood 
I from the ligated intestine, and is there changed into 
urine-indiean, just as is the injected indol. The albu- 
men of food ia also a source of indican ; for indol is 
one of the ordinary decomposition products of albumen. 
It is probable, on the other hand, that a portion of 
the albumen in the living body is decomposed by fer- 
mentation, just as outside the body it is destroyed in 
very much the same manner. The albumen of the 
connective tissue is another source of indol, and con- 
1 sequently of indican. It is hence evident that by 
I starvation indican does not disappear from the urine, 
because it is formed at the expense of the connective 



I 



"We find an increase of urine-iadican after the intro- 
duction of indol, after an exclusively flesh diet, in Addi- 
son's disease, in cholera, and in carcinoma of the liver ; 
and it is enormously increased in all those diseases which 
threaten closure of the small intestine (incarceration), 
but not so much by impeneti-ability of the large intes- 
tine. It ia considerably increased with carcinoma of the 
stomach without the intestines being involved ; also mth 
peritonitis. With kidney diseases, except granulated 
kidney, the indican is not much increased ; and with 
chlorosis and leucaemia there is no increase. In general 
there is an increase in ehronic consumption and in inani- 
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tion. Fevers do not cause so marked an increase of 
indican aa of urobiline. 

There is an increase of urine-indican in central and 
peripheral diseases of the nervous system, as well as 
after the administration of certain drugs, as turpentine, 
max vomica, oil of bitter almonds, etc. This, however, 
is only demonstrated by the uroxanthine reaction, and 
requires confirmation by more accurate methods. 
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4. Other JVbrmal Organic Comtituents. 

The remaining organic constituents of the urine we 
will only mention in passing, for they are of little 
value in general diagnosis, because of the care required 
for their identification and separation. 

Oreat/inwte, the strongest recognized base of the body, 
is excreted in the same proportion as uric acid : for a 
sound man, 0*6-l-3 grm. in twenty-four hours. The 
amount is influenced less by a vegetable than an animal 
diet. It is increased in pneumonia, intermittent fever, 
and tyjjhua, but diminished by inanition and advanced 
kidney affections. 

Hippuric add is present in lai'gest amount in the 
urine of herbivora, and in only small quantity in the 
human mine, being for a healthy man 0-5-1 grm. in 
twenty-four hours. Tlie amount is increased by a vege- 
table diet, after the use of cei'tain fruits (greengages, 
whortleberries, etc.), and after the use of benzoic acid, 
etc. ; also in febrile processes and in diabetes. It is 
diminished by a strict flesh diet. If the excreted mass 
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1 considerably increased, as after eating greengages, 
' and we then evaporate slightly and add HCl, hippuric 
acid will be precipitated in the same manner as mic 
acid. Otherwise we must employ the method of Meiss- 
ner (Neubauer-Vogel, 1. c. 43), for which a litre of urine 
is necessary. 

Xantldne and the phenylsulphate derivatives are 
llound in the mine, but in small quantity. For a quan- 
[titative detennination of the first it is necessary to 
I obtain several hundred litres of urine. The existence 
I of the substance yielding phenyl derivatives betrays 

■ itself by the phenyl reaction of the distillate, if we 
■previously acidify the urine with a strong mineral acid 
l(e. g., Hg SOj). From the fact that when we add tar- 
Itaric acid and distill we have no phenyl reaction in 
■the distillate, we conclude that the phenyl (carbolic 

■ acid) does not exist normally in the free state in the 
urine. 

We mention in passing that up to this time, from 

a derivative of ui'ic acid, oxaluric acid has been 

foimd in but very small quantity (not less than a hun- 

dred litres must be used to test for it). Parabanie 

cid occurs as an oxidation product of uric acid, 

by taking up water becomes oxaluric acid. 

F This boiled with water forms oxaHc acid and oxalate of 

I urea. 

Oxalic acid is found in the sediment as calcium 
, oxalate. 

In regard to the existence of sugar in normal urine, 
e point is as yet undecided. In every case normal 
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urine contains besides the urates a body wIiicTi in an 
alkaline solution will reduce the copper salts. 

The assertion that lactic acid is present in normal 
urine needs confirmation. In pathological urine we find 
two kinds of lactic acid. One is present in fermenting 
diabetic urine (lactic acid) ; the other is found after 
phosphorus-poisoning, with acute atrophy of the liver, 
with osteomalacisB and trichinosis (paralactic acid). 



b. Normal Inorganic Constituents. 
1. Chloj'ides. 

In human urine the chlorides consist almost entirely 
of the chloride of sodium (NaCl) and a little chlorido 
of calcium. The average excretion for a healthy man 
is 10 to 16 grms. of NaCl in twenty-four houi-s (6 to 10 
grms. chlorine). Next to urea, NaCl is the principal 
constituent of the urine. Normal urine haa an appre- 
ciably salty taste proporiionate to the quantity of the 
cont^ned NaCl. If a drop of urine is carefully evapo- 
rated on an object-glass, we find under the microscope, 
besides the colored monoclinic prisms of the double 
compound of urea with chloride of sodium, also NaCl 
in flat octahedra or in the imperfectly shaped ciystals of 
the moDometric system. 

For the physician it is often important to ascertain 
qidckly and easily whether in the mine the chlorides 
are increased or not. An approximative test is the fol- 
lowing (for more exact determinations see Chap. V.) : 

If a chloride of sodium solution is treated with 
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I nitrate of silver, a white precipitate of chloride of silver 
will fall: 

NaCl + AgNOa = NaNOs + AgCL 



If we have a solution in which both the chlorides and 
phoBphatea are present (viz., larine), we muat first acidify 
with a few drops of nitric acid (HNOj), so that the 
phosphate of silver will not be precipitated at the same 
time, and thereby be mistaken for the precipitate of 
chloride of silver. A alight error from the precipitation 

■ of uric acid can not be avoided, but it does not essen- 
tially affect thia approximative examination. 
The HNOg added will not prevent the precipitate of 
the chloride of silver (AgCl), but it wiU prevent the 
phosphate of silver from coming down. If we use for 

tthis reaction a solution of nitrate of silver of definite 
strength (AgNOg), 1 : 8, we will find that, by adding a 
few drops of this to normal urine (which contains 4-1 
per cent. NaCl), curdy masses of AgCl will fall to the 
^^— bottom. These masses do not separate on shaking the 
^^feglasa, and give no milky cloudiness. If the solution 
^^Kcontains but a small quantity of NaCl, ^ per cent, or 
^H less, the solution after addition of AgNOa shows no 
^H white em-dy precipitate, but a simple cloud, and the 
^H entire fluid shows a homogeneous milky turbidity. 
^H To apply this test, we take a wine-glass half full of 
^^ urine, acidify with IINOg to prevent the phosphates 
coming down, and then add one or two drops of the 
standard AgNOg solution. If the reagent causes a curdy 
|;precipitate readily falling to the bottom, the chlorides 
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are in no way diminished in quantity. If only a milky 
turbidity aiisea, and no cm'dy masses, then the chloiides 
are in very small proportion. If there is no milky cloud 
or turbidity, the chlorides are entirely wanting. We 
can not ascertain an increase of chlorides by this 
method. 

This reaction can be seen in a urine that has been 
tested for albumen with IINOg, using this mixture for 
the chloride test. The nitric acid must, however, be 
thoroughly mixed with the urine by means of a glass 
rod before adding the silver salt. But, if albumen has 
been found in such amount as to interfere with the cloud 
or precipitate of the chlorides, it must first be filtered 
off before testing with AgNOj, and the test can be 
applied to the filtrate. 

We find a rnixJler proportion of cMoridm m the 



(1.) In repose of the body (in the night-time 
least). 

(2.) With all acute febrile processes, especially when 
accompanied by serous exudation or watery diarrhcea. 
The mass of chlorides is directly proportional to the 
amount of urine, but inversely proportional to the 
specific gravity and the quantity of urea, untO the crisis 
of the disease. In genera! only the excess of chlorides is 
eliminated by the kidneys. In inflammatory processes 
the chlorides appear in the exudates (for instance, in 
pleuritic effusions). In general the rule applies, that 
with a steady decrease of chlorides in the .urine there is 
a heightening of the disease, and on the other hand a 
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continued increase of chlorides signifies a better con- 
dition. 

In pneumonia the chlorides may be entirely wanting, 
but we can not attribute this condition to lessened nu- 
trition alone. In typhus and meningitis they are dimin- 
iahed, but do not disappear. The absence of chlorides 
always signifies a desperate condition. 

(3.) In chronic affections accompanied by impaired 
digestion, and in dropsy. 

In urina potus the percentage of chlorides is dimin- 
ished ; but, if we take the twenty-four hours' amount 
into consideration, the diminution is inappreciable. 

An increase of ckhrkha is observed — 

(1.) With a liberal salt diet. 

(2.) With energetic bodily or mental exercise. 

(3.) In the paroxysms of intermittent fever, some- 
times a little before or after the same. The day after 
we find the average daily amount sometimes a little 



(4.) With diabetes insipidus. 

(5.) With dropsy, as soon as diuresis comes on, for 
now the chlorides stored up in the body become sud- 
denly excreted. 



The amount of excreted phosphoric acid (not phos- 
phates) is between 2-3 and 3-8 grms. (average 2-8), In 
robust men the average is 3-5 grms. The daily varia- 
tion may be very considerable. The amount excreted 
increases after breakfast until evening (maximum), and 
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falls diiring the night till the next morning (mini- 
mum). 

We jvnd an increase of phosphoric acid in the 
wrme — 

(1.^ After the introduction of phosphorus, phospho- 
ric acid, or soluble phosphates into the organism. 

(2.) After a principally animal diet, and especially 
after the administrntion of such substances as contain 
more or less free phosphoric acid, as the brain. 

(3.) With all acute febrile diseases (not constant). 

We find a decrease of phosplioric acid — 

(1.) In all urines of a low specific gravity, in urina 
potus, in urina spastica, etc. 

(2.) In kidney and heart diseases, with a less 
amount of urine. 

(3.) With severe disorders of the digestion, and 
vrith chronic diseases of the bi-ain (except epilepsy). 

Oi-thophosphoric or ordinary phosphoric acid (Hg 
PO4) is a tribasic acid ; that is, the three atoms of hy- 
drogen may be replaced by a metal. 

In the urine phosphoric acid is combined partly 
with the alkaline earths (earthy phosphates) and partly 
with the alkalies (alkali-phosphates). 

a. The eairthy phosphates — viz., calcium and magne- 
sium phosphates — exist in normal urine only in small 
quantities. The twenty-four hours' average for a 
healthy, robust man amounts to 0-9-1-3 grm. The pro- 
portion of the calcium to the magnesium phosphate is 
as 33:67; that is, the amount of magnesium is double 
that of the calcium phosphate. In acid urine these 
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salts are in solution, bnt in alkaline urine they are pre- 
cipitated, and are found in tlie sediment, 

Phosptoric acid forms with calcium three salts, viz. : 

The normal! ( O^Ca^Ca, (POA 

ortncalcic, ] ( O^ 



8> 



(OH 
PO-^ Ox 



The dicalcic 

phosplate, "■ ^' 1 q;> Ca-f 2H,0 = CaHP0,+3H,0 

f (OH 
The monocal- POj OH 

;erp°hoT; g>Ca+H.O=(PO.H.>C^H.O 

phate, POJ OH 

I I OH 

In the urine we find these last combinations dis- 
solved — no trimagnesic phosphate is known. In the 
urine the first two phosphates ai-e held in solution by 
free acid (?). 

The precipitation of the earthy phosphates ia brought 
about by the addition of the alkalies (potassium, so- 
dium, and ammonium). 

The reactions of the salts are as follows : If alkalies 
be added to calcium phosphate, it wiU be deprived of 
some of its acid : 

S[(P04Hj),Ca] + 12K0H = 

(POOaCas + 4KeP0, + 12HsO 
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If acid m^Tiesium phosphate is acted upon by ammo- 
nia, an ammonium-magnesium phosjihate is formed : 

MgHPO, + NHs + 6HsO = Mg(NH4)P0, + 6H,0 

Ammonium-magneaium phosphate formed in this 
way appears under the microscope as fern-leaved or 
snow-flake crystals ; after long standing in the glass, 
these crystals become coffin-lid-shaped. (PL III., B,) 

To test for the earthy phosphates, we fill a test-tube 
one third full— if it was not clear with previously filtered 
urine — add a few drops of KOH or (NH4)0H, and 
wajm uutU the earthy phosphates separate out aa a floc- 
culent precipitate. After setting aside for ten to fifteen 
minutes to settle, we can approximatively estimate the 
amount. If we employ for the reaction an ordinary- 
sized testrtube,' 16 centimetres long and 2 e, "wide, a 
layer of earthy phosphates 1 c. high corresponds to the 
normal amount in the urine ; if the layer is 2-3 c, high, 
then are the earthy phosphates increased ; if, on the con- 
trary, only single flakes appear, then the earthy jjhos- 
phates have diminished. 

Beneke gives a more accurate method of determina- 
tion (Neubauer-Vogel, " Analyse des Hames," Chap, 
vii., p. 91, 1). 

If the urine contains no abnormal coloring matters, 
the earthy phosphates are white ; if abnoimal coloring 
matters are present, they are variously colored. If the 
urine contains blood-coloring matters, then the precipi- 
tate appeal's blood-red or dichroie ; with the plant-color- 
ing matters of rheum, senna, etc., rose-red to blood-red; 
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mth bile-coloring matters, yellow-brown ; with uroeiy- 
tlirine, gray. 

A.n mcrease of earthy pho^hat-e-s in the mine is found 
with disease oi the bones, especially when tliffuse (os- 
teomalacia, rachitis, etc.), with diffuse periostitis, and 
w^th chrono- or arthro-rheumatie processes; further, 
after use of mineral watere rich in carbonates, after 
various medicaments, and with exclusive flesh diets (in 
the latter case not constant). 

A deormse of earthy phosphates is observed in kid- 
ney affections. In alkaline urine we naturally find the 
earthy phosphate in the sediment. 

/3. The alkali phospliates are represented chiefly by 
the acid phosphates of sodium and (traces of) potassium. 
The tribasic phosphoric acid forms three salts with the 
alkalies, in which one, two, or thi'ee atoms of hydrogen 
are replaced by the alkali metals — 



PO.HjNa 



PO,HNa, 

Id phoaphalB of jodloi 



PO^Nas 



Of these three, only the first has an acid reaction, and 
its presence in the urine causes more than any other 
constituent the acid reaction of the same. Both the 
others have an alkaline reaction. AH three are (in con- 
tradistinction to the earthy phosphates) easily soluble in 
water and alkaline fluids. 

Of the total phosphoric acid in the urine, two thirds 
is in combination with the alkalies. 

We test for the alkali phosphates (chiefly for the 
phosphoric acid) in the urine with the magnesium mix- 
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ture. (See Chapter IV., No. 10.) If we test ior the 
entire amount of pliosplioric acid — ^that is to say, not 
only that in combination with the alkalies, but also with 
the alkaline eai-thB — we take a beaker of 20 c.c. capacity, 
and to 10 c.c. of urine we add a third part (usually 
3 C.C.) of the magnesium mixture. There is formed a 
precipitate of crystalline ammonium-magnesiiun phos- 
phate (fir-twig or snow-flake), with which comea down 
an amorphous mass of calcium phosphate. K there 
ensues through the entire fluid a milky turbidity, 
the alkali phosphates are in noimal amount ; if we 
have a copious precipitate which gives the fluid the 
appearance of cream, then there is a great increase ; 
if the fluid remains transparent, or only a slight tur- 
bidity ensues, we have a decrease of the alkali phos- 



Tliis reaction is more for the whole amount of 
phosphoiic acid in the urine than for the alkali 
phosphates. As the earthy phosphates only seldom 
occur in large amount in the uiine, it is usually not 
considered necessary to separate them by filtration 
before testing for the alkali phosphates. K we have 
previously tested with KOH or (NH^) OH, for the 
earthy phosphates, with a little practice we can easUy 
distinguish the others from the turbidity caused by the 
precipitation of the earthy phosphate. U the earthy 
phosphates are present in great amount, we must pre- 
cijjitate them with ammonia, filter, and test the filtrate 
with the magnesium mixture. 
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3. Sulphates. 

The sulphates contained in the urine are the neutral 
P sulphates of jJotaasium and sodium, 

Ae the sodium salts predominate in the animal 

[-■oi^niam, ao is there in the urine more sulphate of 

T sodium (Na^SO^) than sulphate of potassium (KjSO^). 

f The sulphuric acid which a sound man excretes in 

twenty-four hours amounts to 1-5 to 2-6 grms., usually 

I grms. 

The test for sulphuric acid or the sulphates is made 
■quite similarly to that for the phosphates. 

Take 10 ex. of urine in a beaker and acidify with 
a few drops of HCl (so that the baiium phosphate will 
not precipitate at the same time), and add a third part 
,(3—4 ex.) of the chloride of barium solution. We have 
tiie reaction— 

, |Ba|CI, + yaa |S0,| = 2 NaCl + BaSO^ 

If we had not previously added HCl, then the sodium 
phosphate in the urine, by the addition of BaClj, would 
be precipitated as barium phosphate. 

If we have previously added an excess of HCl to 
the BaClj solution, it is not necessary to acidify the 
tuine before testing. (Chapter IV., No. 7.) The white 
precipitate which is formed by the BaClj solution is the 
sulphate of barium. 

If an opaque milky cloudiness results from this 
reaction, the sulphates are present in uonnal quantity. 
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If the cloudiness is more intense, so that the urine has 
the appearance of cream, the sulphates are increased. 
U, on the contrary, a translucent light cloudiness ensues, 
then the sulphates are diminished. 

A very pretty approximate test has been given by 
J. Vogel. The noimal urine should contain in twenty- 
four hours about 2 grms. of Hg SO4. If a patient passes 
2,000 c.e. in twenty-four hours, this should contain 2 
grms., or in 100 c.e. of urine 0-1 grm. Hj SO4. Take 
now 100 c.e. of this urine and add as much BaCl^ solu- 
tion as is necessary for the precipitation of half the 
sulphuric acid (0-05 grm.) and filter. If the filtrate 
remains clear after the addition of BaCl,, there is no 
more Hj SO4 piesent ; the amount of the latter is there- 
fore very much diminished. If a cloudiness ensues 
after adding BaClj to the filtrate, add as much BaClj 
as will precipitate 0'05 grm. of the acid and filter 
again. If the filtrate remains clear after a fresh addi- 
tion of BaCla, then the amount is normal, for we have 
taken as much BaClj as would be necessary to precipi- 
tate 0-05 4- 0-05 = O'l grm. (the normal amount) of sul- 
phuric acid. If, however, a turbidity ensues, there ia 
more than the normal amount of Hj SO4 present. 

An iiuireme of the sulpJiatm or sulpliwriG acid ia ob- 
served — 

(1.) After an exhibition of sulphuric acid or the 
soluble salts of the same, and from sulphur-containii^ . 
compounds or sulphur in the organism. 

(2,) From exclusive flesh diet, for the sulphur of thefl 
albuminous compounds is oxidized to H^ SO4. 
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(3.) In acute febrile proceases with ricli excretion of 
urea. The increase of H, SO4 in tliis case is referred to 
the increased decomposition of the sulphur-containing 
principles of the body (albuminates). The greatest 
increase is observed in meningitis, encephalitis, and 
rheumatism, aa well as affections of the muscular system, 

A decrease of the sulphates occurs with an exclusive 
vegetable diet, as well as at the beginning of typhus, 
and besides (in percentage) in all those urines which 
show a low specific gravity. 

Of the inorganic substaneea, there are present in 
the urine ammonia (average 0'8 grm.) and traces of 
Iron and silicic acid. According to Duchek, the former 
is increased by advance of febrile processes, and dimin- 
ished by convalescence. 



c. Abnormal Constituents. 



1. 

In normal urine albumen ahould never exist ; but 
in pathological urine, especially when accompanied 
with diseases of the kidney, albumen is often present 
in considerable quantity. 

After an abundant use of egg-albumen, according to 
CL Bernard, Becquerel, and others, the same has been 
found in normal urine. Serum-albumen in very small 
quantity (to O'l per cent.) may appear even for a year 
in the urine of othei'wise healthy men without occasion- 
ing any annoyance. We have observed many such 
cases ("Wiener med. Presse," 1870), as has Vogel. If 
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this albumen had not been accidentally discovered in 
the urine, the affected persons would never have dis- 
covered it from their general condition. The cause of 
this albominuria is stiU somewhat obscure. The urine 

in these cases was strongly concentrated, intensely acid, 
and contained a greater percentage of urea and uric 
acid. In the sediment sometimes nothing, but often 
crystals of oxalate of calcium and uric acid, could be 
discovered. It is probable that this albuminuria, which 
is for the most part periodical and with a very variable 
amount of albumen, is to be explained by the changed 
chemical characteristics of the urine. It is possible, 
besides, that an abnoiinal innervation of the kidney 
may give rise to this albuminima. These cases occur 
80 rarely, however, that the appearance of albumen in 
the urine may be regarded as no normal indication. 

Why we find no albumen in normal urine may 
best be explained by Lndwig's mechanical theory of 
the urine secretion. This is based, on the one hand, 
upon the relation of the pressure in the blood-vessels 
to that in the urinary tubules, and on the other, upon 
the osmosis of substances through animal membrane. 

Graham divides all bodies into crystalloids and col- 
loids, calling those bodies crystalloids which penetrate 
animal membranes without difficulty, and easUy crystal- 
lize, and those colloids which penetrate with great diffi- 
culty or not at all, and do not crystallize. If we apply 
this classification to albumen, and especially to serum- 
albumen, we find that it is a colloid body, for it neither 
crystallizes nor penetrates animal membrane except 
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under great pressui'e. As tlie ciystalloid aubetances 
easily penetrate animal membranes and the colloids do 
not, it is to be supposed that the cause lies in the mole- 
cular constitution ; that perhaps the molecnle of albumen 
18 greater than that of any soluble salt. This theory 
gains probability if we observe the constant foam on 
an albTominoua solution, as also the complex chemical 
compoaitiou of the same. We find the extraordinary 
size of the albumen molecule in the expression of its 
atomicity, Caie Hies N„ Sg O^. 

According to Ludwig's theory, the secretion in the 
glomeruli is a transudation process, and in the urinary 
tubules a diffusion process. We find that in the kidney 
the blood is always separated from the urine by an ani- 
mal membrane. These animal partitions permit the 
crystalloids of the blood (as salts, .urea, etc.) easily to 
penetrate ; but the colloids (albumen), under a normal 
blood-pressui'e, can not pass through, and on this ac- 
count we find no albumen in normal urine. 

If we find albumen in the urine, then the blood-pres- 
-sure in the renal vessels is generally increased (hin- 
dered vnnous circulation, heart disease, amyloid degene- 
ration of the vessels, etc.), or the animal membrane is 
defective in some place (parenchymatous nephritis and 
Bright's disease). 

Of albumen, we chiefly find in the urine serum-albu- 
men and paraglobuline. If to the urine are added other 
albuminous animal fluids (e. g., blood, pus, exudations, 
etc.), we find the variety of albumen corresponding to 
these fluids. Fibrine comes with intense haemorrhage 
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and with croupous affeotions of the urinary appara- 
tus. 

A trae fibrinuria — that is, a coagulable urine — 
which occurs on the Isle of France, is seldom observed 
with us. We mentioned this in three cases of villous 
tumors of the bladder (p. 38). We often observe a 
honey-like, simpy urine, the thick consistence of which 
is not due to fibrine, but to pus dissolved in the alkalies. 
Such urine becomes tliinner on addition of water ; and 
if we treat the same with acetic acid, there falls a white 
precipitate of alkali albuminate. This albuminate arises 
from the reaction of carbonate of ammonia on the se- 
rum-albumen of the pus. 

For albumen there are many characteristic reactions, 
but for the urine there are two most satisfactory ones, 
the concentrated HNOj and the heat tests. 

1. For the HXOg test 10 ac, of urine should be 
taken in a wine-glass, and then pure colorless concen- 
trated HNOg (not fuming) should be allowed to flow 
down the side of the glass, forming a layer beneath the 
urine. Now, if albnmen is present, a white zone will 
appear between the two fluids. This can only be con- 
founded with the urates which are precipitatetl in a 
somewhat similar manner when present in great amount, 
also with the resin of copaiva. In the case of the 
urates they are not precipitated in the zone between the 
fluids, but somewhat higher up, and are not sharply de- 
fined as a zone, but curl upward from the centre, having 
the appearance of ascending smoke. 

If albumen and much urates are present in a urine 
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at the same time, we obtain by the nitric acid reaction 
two layers, one above the other. The lower layer, 
sharply defined above and below, between the colorless 
acid and the urine, is the albumen. The upper layer, 
gradually becoming more intense and not sharply de- 
fined above, but ascending as a white cloud, consists of 
the urates. A layer of clear urine separates these two. 
The layer produced by the resin of copaiva disappears 
on the addition of a few drops of alcohol. 

If we apply the nitric acid test to normal urine, we 
observe between the acid and the urine a brown ring of 
I urine-coloring matters, which in a few minutes becomes 
1 more voluminous. In febrile processes, when the urine 
I contains much coloring matter, this ring is very intensely 
[ colored. As albumen when present appears in the same 
zone, this does not form now as a white layer, but is 
more or less tinged with brown. If much indiean is 
present, the urine often appears a beautiful rose-red or 
even violet; from the presence of blood-coloring mat- 
ters, brown-red ; from undecomposed bile-coloring mat- 
ters, a beautiful green. If a urine is strongly concen- 
trated and we add HNOg, a copious crystalline precipi- 
tate of nitrate of urea falls, which under the micro- 
I scope shows the characteristic colored rhombic tables. 
From a urine rich in uric acid we often see beautiful 
shining light yellow-colored whetstone crystals, which 
can be easily distinguished micro-chemieaUy from nitrate 
, of urea, because they are not soluble in water. 

If the urine contains much carbonic acid, either be- 
cause it is alkaline and contains much ammonium car- 
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albumen present (Galippe's test.) The cloudiness 
only lasts for a moment. 

Albumen is found in the urhie — 

(1.) When the blood-pressui'e in the glomeruli be- 
comes greater than normal. This occni's in all disturb- 
ances of the circulation, as heart-disease, impeded venous 
circulation, amyloid and atheromatous degeneration of 
the blood-vessels, etc. 

(2.) In all those diseases which involve an alteration 
of the diffusion membranes of the kidney ; i. e., the 
walls of the tubules with their epithelium, and the 
neighboring fine arteries or their capillaries (parenchy- 
matous nephiitis, Bright'a disease, etc.). 

(3.) If blood, pus, or any other albuminous fluid is 
mixed with the urine (false albxmiinnria). 

(4.) Sometimes with hydrsemia (imperfect nutrition 
of the capillary walla). 

It is also said (Vogel) that albuminuria may result 
from a peculiar albumen that is formed in the blood, 
which penetrates the intact membranes by quite another 
diffusion process, But such a form of albuminuria we 
have never had an opportunity of observing. 

In true albuminuria it is important to observe the 
amount of urine passed in twenty-four hours, for only 
by an increase or decrease of the contained albumen can 
a better or worse condition of the kidney disease be 
recognized. The most accurate quantitative determina- 
tion of albumen is made by means of the balance, or by 
the employment of a polarization apparatus (Chapter 
v.). These methods ai'e too troublesome for the prac- 
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ticing physician, but there remains a method by which 
it may be readily diBcovered whether albumen exiata in 
small (under -J- per cent.) or in great (1-3 per cent.) 
quantity. "With a little experience one can estimate 
approxkuatively the percentage from the appearance of 
the white albumen zone which forma between the fluids 
on the addition of the strong nitric acid. If thia zone 
is faint and feebly white, and has no lumpy appearance, 
but is almost transparent and only visible as a sharply- 
defined band on a black background, having the height 
of but 2-3 mm., we may say that albumen is only 
present in small amount (less than \ per cent., usually 
-jij- per cent.). If this zone appears from 4 to 6 mm, 
high, snow-white, opaque, and distinctly recognizable 
without a black background, and of a floeculent appear- 
ance, then albumen is present in considerable quantity 
(i~^ per cent.). But if on the addition of the acid the 
albumen appeal's lumpy and flaky, and more or less falls 
to the bottom, and by stirring with a glass rod the urine 
becomes of a creamy consistence, then albumen is 
present in large amount (1-2 per cent, and more). 

We can make a similar investigation \vith the boiling 
test. Take a test-tube, fill it a third full of clear, filtered 
urine, and heat it. Should the urine be alkaline, it must 
be acidified with acetic acid. A alight turbidity after 
heating, the urine still being transpai'ent, with only a 
feeble opalescence, indicates a small amount of albumen, 
and only after long standing a light floeculent sediment 
forms. If the urine becomes cloudy by heating, and the 
albumen separates out as flakes, and a layer comes down 
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on the bottom the thiekneas of a finger, then albumen is 
present in moderate amount. If albnmen ia precipitated 
in lai^e lumps, and uot, as in the other cases, near the 
surface of the fluid, but lower down where the flame 
suri'ounds the test-tube, and appears to be of a creamy 
consistence, then albumen is present in great amount. 
K we would compare the amount of albumen one day 
with another, we must boil a lite quantity of urine in 
similar test-tubes, and compare the mass of the sediment 
after it has well settled. It is more advantageous to 
employ glass tubes of umform calibre, stopped at the 
lower end with corks covered with waxed paper, pre- 
senting a level surface, measuring the height of the pre- 
cipitate at the expiration of twenty-four hours. 

These are only a few suggestions for the practicing 
physician, but he must be very familiar with the charac- 
teristic reactions in order to draw satisfactory conclusions 
from the latter tests. 

WTiat has been said above applies in like manner to 
those cases in which the albumen is serum-albumen. 

Frequently other modifications of albumen occur, 
of which the most important is globuline (perhaps myo- 
Bine). 

Peptone is contained in every albuminous urine. In 
those cases where the temperature is very high, it may 
occur without other albumen in the urine. 

In order to prove the presence of globuline in the 
urine, it must be diluted until it has a specific gravity of 
1-002 ; then add very carefully diluted acetic acid (for 
globuline is soluble in concentrated acid) ; usually a 
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cloudy turbidity reBults. In order to precipitate all the 
globulins, we must pass a Btream of carbonic acid gaa 
slowly tln-ougli the aolution for from one to two hours. 
After standing some time, the globuline falls as a white 
powder. After pouring off the supernatant fluid, it can 
be tested for albumen by the above methods. If the 
aediment consists of globuline, it will dissolve in a few 
drops of a concentrated sodium-chloride solution. The 
test is best made in a wine-glass or decauting-glasa 
(For further consideration of myosine and pai-aglobu- 
line, see K. B. HofEmann, 1. c, 73 and 323.) 

Globuline is observed in great quantity in bladder 
catarrh, acute nephritis, and especially in amyloid, de- 
generated, or waxy kidney ; while from chronic Bright'a 
disease it may be very small in quantity or entirely 
wanting. 



The urine sugar, CaHiaOg + HjO (identical with 
grape sugar), is according to Bri'icke a constant con- 
stituent of normal urine. It is present in such exceed- 
ingly minute quantity, however, that when we use 
Trommer's test we do not observe the least precipitate 
of yellow cuprous hydrate. We observe that the mix- 
ture simply changes color. In pathological urine, espe- 
cially in diabetes mellitus, we find so great an amount 
of sugar that the urine possesses a sweet taste ; and if 
a piece of cloth is saturated with it, after the evapo- 
ration of the urine the cloth is as if smeared with 
honey. 
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The urine-Bugar ciystallizeB in agglomerated masses, 
wMcli resemble cauliflower in form. 

Of the various testa for sugar, the followiug are 
generally employed : 

1. Heller's or Moore's Test. — Pour into a test-tube 
two volumes of urine and one volume of KOH or 
Na OH, and heat to boiling. The earthy phosphates 
fall, and if present in great amount must be filtered 
off. As soon as the fluid becomes hot, a lemon-yellow, 
yellowish-brown, or blackish-brown color appears, ac- 
cording to the amount of sugar present. If we now 
treat this with a few drops of nitric acid, the dark color 
vanishes, and it gives off the smell of molasses. If al- 
bumen is present in great amount, it should be pre- 
viously separated by boiling and filtering. If the urine 
has a dark color, which is seldom the case in diabetes, 
we must render it colorless by acetate of lead (by this 
means a slight amount of sugar falls), or by filtration 
through animal chareoal. This filter must be washed 
with water, for it contains much sugar. 

If the urine has a dark color from the addition of 
KOH in the cold, it is generally due to the biliary col- 
oring matter. This change of color takes place if the 
biliary coloring matters have already decomposed, L e., 
if the urine does not give Gmelin's or Heller's test for 
the bUiaiy matters. In this case the change of color, 
especially if by the addition of sulphuric acid a very 
dark color is produced, is a good proof of the presence 
of biliary coloring matters. 

According to Badecker, if a urine which has been 
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treated with potassium hydrate (KOH) and allowed to 
stand in the aii" gradually colors brown from above 
do^vnward by absoi-ption of oxygen, it contains a pecu- 
liar substance which he calls alkapton. This body will 
reduce the copper salt, but not the bismuth salt. Prob- 
ably this body is pyrocatechine. 

Mulder's test gives a beautiful color reaction. If a 
colorless saccharine urine is heated with a solution of 
indigo-carmine, which has previously been made alkaline 
by sodium cai-bonate, the blue mixture becomes first 
green, then purple-red, and finally yellow. If we shake 
the heated mixture in the air, it takes up oxygen, and 
the color again passes back to blue. K but a small 
amount of sugar is present, the indigo-carmine solution 
only becomes a pale blue, 

2. Ti'ommei-'s Test. — ^Treat as before two volumes of 
mine with one volume of the KOH or Na OH solution 
(1 part to 3) ; add now drop by drop a solution of 
cupric sulphate (1 pait to 10), shaking after each ad- 

, dition until the mixture shows a clear beautiful azure- 

I blue. Then heat over a spirit lamp. If sugar is 
f present, a reduction of the cupric oxide immediately 
takes place, and in the foUowing order : First appears 
a yellow cuprous hydroxide, which soon loses its water 
and becomes the red cuprous oxide. If the urine con- 
tains albumen in lai-ge quantity, it must first be sepa- 
rated by coagulation. If we do not remove the albu- 

I men, it has a marked influence on the reaction, so that 
the mixture of m'ine, KOH and Cu SO4, does not become 

I blue, but of a violet color. If neither sugar nor albu- 
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men ia present, we obtain neither an azure-blue nor 
violet-colored solution, but a turbid grayisb-green fluid, 
and by application of heat there is naturally no reduc- 
tion of the cupric salt. 

It is better to employ a solution of sodium-potassium 
tartrate (Rochelle salt) in sodium hydi'ate (Na OH), If 
we add Na OH to a cupric sulphate solution, cupric 
hydrate (Cu[OH]i) falls. If grape sugar is present, a 
corresponding amount to this will be held in solution. 
If we have added too much cupric sulphate, there is an 
excess of the precipitated Cu(OII)s in the solution, and 
the same must be filtered oft' because it would otherwise 
change to the black oxide of copper (CuO), and thereby 
interfere with the reaction. 

By the employment of the sodium and potassium 
tartrate solution we preserve a clear fluid. 

A large amount of creatine, peptone, etc., may pre- 
vent the reduction to cuprous oxide. 

3. Bottger's Test — Treat as above two volumes of 
urine with one volume of KOH, and add as much as 
can be taken up on the point of a penknife of mastery 
of bismuth (a mixture of basic bismuth subnitrate, 
BiO.NOa + HaO, and some bismuth nitrate Bi(N08)B 
+ SHgO), and heat for a short time over a flame. 
Sugar reduces the bismuth salts, so that black suboxide 
of bismuth (Bi^O,) is formed. If only a little sugar is 
present, the white bismuth powder is colored light gray, 
because simply a part is I'educed. If but a trace of 
sugar be present, then an excess of the bismuth nitrate 
may conceal the reaction. 
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It albumen is present, this must first be eeparated, 
for by the decomposition of the albumen a black sul- 
phide of bismuth is formed, which may be easily mis- 
taken for bismuth suboxide. In order to ascertain to 
what the color is due, we take a sample of the urine 
made alkaline, and add to it a few drops of lead acetate, 
and boU. A black precipitate indicates the presence of 
a sulphur compound in the mine. 

Briicke recommends for the separation of disturbing 
elements Frohn's reagent.* Take equal quantities of 
water and urine in two test-tubes ; to the first add HCl 
untU a drop of that reagent no longer produces cloudi- 
ness. In this way we ascertain approximately how 
much HCl must be added to the urine. After acidifica^ 
tion we treat the urine with the reagent and filter (the 
filtrate should then not become cloudy by the addition 
of HCl or the reagent). Add now an excess of Na OH. 
Should the precipitate of bismuth hydrate be too co- 
pious, a little should be removed by decautation ; then 
we heat a long time, as with Bottger's test. 

Maske gives the following modification : Treat the 
urine with one thii'd its volume of tungstate solution.-t- 
H pTOteine substances are at hand, there aiises a pre- 
cipitate. After the settling of the same, add a few 
drops more of the reagent to see if all the proteids have 

* Prohn's reagent (iodide of biamuth and potassiam) ; 1'5 grra. of un- 
washed freshly precipitated basic bismutli nitrate is mixed with 20 gnos. of 
water and heated to boiling; then 7 gnna. of potaaaium iodide and iinully 
20 drops of HOI, are added. Tho resulting fluid is orange-red. ' 

t Crystallized tungatate of soda, 80 parts ; acetio acid (30 per cent.), 
76 parts ; water, 120 pui-ts. 
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come dowTi. To the filtrate add half the volume of 
concentrated Na OH and a email amount (as much as 
half a pepper-grain) of basic bismuth nitrate, and shake 
well. If this is not colored brown or black, we must 
boil for some time and observe after cooling whether a 
black precipitate has formed. If the precipitate of bis- 
muth is already black before the boiling point is reached, 
we may decide on the presence of diabetic sugar; a 
slight browning, or later becoming black, showa only 
the normal amount of sugar present. If the bismuth 
oxide becomes bro'wn before wanning, there is a sulphide 
in solution. We must in this case take a new sample of 
urine, weakly acidify with acetic acid, shake up well 
with some bismuth nitrate, and treat the filtrate as above 
directed. 

Heller's test is the simplest and best, and has besides 
the advantage that one can foi-m an approximative 
determination in regard to the amount of sugar present 
from the intensity of the color. In the second rank 
comes the bismuth test, for if the urine is free from 
albumen there is no other substance present which can 
reduce bismuth. As to Trommer's test, it is least to be 
recommended because, besides sugar, there are in urine 
other bodies which if present in quantity may reduce 
the copper salt. Such are especially uric acid, hippuric 
acid, and the urates. There are many known cases, as 
in febrile processes, in which large quantities of urates 
are present in the urine, where sugar might erroneously 
be supposed to exist, if we relied simply on the yellow 
color of the mixture, without the reduction of the oxide 
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having been observed. The most reliable tests for all 
eases are the fermentation and the polarization tests, but 
these are generally inconvenient for the practicing phy- 
sician. 

K it is granted that sugar is present in the urine of 
a patient, it is quite important to know how much is 
present and how much is excreted in twenty-four hours. 
The moat accurate quantitative methods ai'e spoken of 
later. We may form an approximative conclusion from 
the specific gravity. The higher the specific gravity the 
more sugar should be present. This is true for a simple 
sugar solution, but not for such a compound fluid as is 
the urine. Bence Jones has shown that this method is 
not always to be relied upon, even for an approximative 

[ test. 

The second method is that of Vogel, which consists 
in determining from the more or less intense color pro- 
duced by the KOH test the amount of sugar present. 

I This is quite convenient for the physician. K one pre- 
pares for himseK solutions of grape sugar of different 

' strengths, and makes the tests with KOH in tubes of 
the same size, he can easily form a scale of the percent- 

r age of sugar present which will be fairly satisfactory. 

I Treat two parts of each sugar solution with one part of 
KOH, and heat to boiling. A one per cent, solution 
wiU be colored canary-yellow ; a two per cent, solution, 

I dark amber ; a five per cent, solution, the color of dark 
Jamaica rum ; and a ten per cent, solution becomes dark 

I brown and opaque, while all solutions of less percentage 

' are more or less transparent. As the diabetic unne 
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has a very light color, eo by comparison with these 
solutions an approximative determination can be easily 
arrived at, with the help of the known specific grav- 
ity. 

Sugar in large amount occurs in only one group of 
diseaaes, namely, glycoauria. A temporary glycosuria 
occurs after many lesions of the brain, and also a small 
amount in acute febrile processes, after severe bums, 
pneumonia, typhus, rheumatism, and acute encejihalitls ; 
in affections of the nervous system, especially of the 
spinal column ; in cachexies and similar processes ; also 
after the introduction of tm-pentine, nitro-benzole, nitrite 
of amyl, etc, 

Neukomm and Vohl have exceptionally found inosite 
in diabetic urine, either witli or in place of grape sugar. 
Also in acute Bright's disease inosite should be found in 
the urine. Many diabetic urines have an odor lite 
chloroform. The fresh urine has the same smell after 
standing a short time. It is colored dark reddish-brown 
with iron chloride. In the distillate of such urine 
acetone and alcohol are found, which may arise from the 
breaking up of ethyl diacetate : 

CH.oOa + 2H,0 = CsHflO + CjHeO + CO, + H,0. 

Elbfl dlsccUle. AcetODv. Alcobol, 



In women, mUk sugar (lactose) appears in the urine 
from twenty-four to forty-eight hours after the weaning 
of children, or as soon as from any cause the milk is not 
sufficiently gotten rid of (lactosuria). 
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3. Leucine and Tifi 

Leucine (Cb Hig NOg) and tyrosine (Co Hn NOg) are 
the decomposition products of the albuminous bodies 
and their derivatives. We find both these substances 
in several glandular organs of the body, especially if 
they have been subjected to certain pathological changes ; 
for instance, in the liver, pancreas, and spleen. In urine 
these substances have as yet been noticed in any great 
quantity only in acute atrophy of the liver and in a few 
caaes of phosphorus-poisoning. Small quantities are 
observed in typhus and small-pox. 

If these substances are present in great quantity in 
the urine (as is generally the case in acute atrophy of 
the liver), the proof of this is very easy. We either 
find the crystalline tyrosine already in the sediment, or 
it separates together \vith the leucine if we evaporate 
the urine on a water-bath to a small bulk. Sometimes 
both bodies are found in such large amount in the urine 
that they almost supplant the urea. They are easily 
recognized microscopically from the evaporated urine 
by the characteristic form of their crystals. (PI. IV., 
A.) 

If these substances are not present in so lai^e quan- 
tity that they separate by simple evaporation of the 
urine, then we take a great bulk of the latter. If rich 
in bile pigments and albumen, the urine is treated with 
a solution of basic acetate of lead, filtered, and the fil- 
trate treated with hydrogen sulphide to remove the 
excess of lead, filtered again, and the clear filtrate evapo- 
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rated on a water-bath to small bulk. If tyrosine is 
present, it cryetallizea beautifully after standing twenty- 
four hours. Leucine, which is much more soluble than 
tyrosine, appears much later. The urine must be aa 
fresh as possible to work upon. 

The presence of leucine and tyrosine in large amount 
indicates a considerable destraction of the proteine sub- 
stances. Aibimien for the most part accompanies them. 
Often oxymandelic acid (Cg Hg O4) also occurs^ — a sub- 
stance nowher^ else observed, and which is perhaps a 
derivative of tyrosine. 



Coloring Matters. 

Among the abnormal coloring matters, we ai;e to dis- 
•tinguish between those which occur normally in other 
fluids of the body, as the blood- and bile-coloring mat- 
ters, and those which are only found in the urine, as 
uroerythrine, and plant-coloiing matters accidentally 
excreted by the same. 

a. Uroerythrine (^Ha/rhy's urohcBmatine). In all 
febrile diseases the urine has a more or less dark 
reddish-yellow color (urina flammea), and an expert is 
able to diagnose in most cases a febrile state from the 
urine alone. This color arises, according to HeUer, from 
uroerythrine (as well as from an increase of the normal 
coloring matters). If on cooling a deposit of urates 
occurs, they are mostly rose-colored to dark red. On 
addition of lead acetate to clear urine, the precipitate 
appears flesh-colored or rose-red. Heller calls this red 
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coloring matter of the urine, wliich colors the brick- 
dust sediment and is also found in solution, uroery- 
thrine. 

This coloring matter should contain iron, but its con- 
stitution and mode of oiigin are unknown. It is possible 
that in febrile processes, especially such as are accompa- 
nied by blood-dissolution (typhus, septic fever, etc.), a 
part of the blood-corpuscles by theii* reti'ograde meta- 
morphosis furnish the material for the formation of the 
uroerythrine. 

The uroerythi'lne may be regarded as an indication 
of the breaking down of the blood-coi-puscles in febrile 



Uroerythrine is recognized when present by the color 
of the brick-dust sediment, or, if no sediment be present, 
by the color of the solution, in which if treated with 
acetate-of-lead solution a rose-red or flesh-colored precipi- 
tate falls. Only a little of the lead solution should be 
added, so that the coloring matter shall not be disguised 
by too much of the precipitate. If the urine contains 
the blood-coloring matters, these must be first separated. 
The foam of a urine containing much uroerythrine may 
be yellow as in icterus ; but with the latter the precipi- 
tate from the lead salt is also yellow. 

The earthy phosphates which are thrown down by 
heating the mine with KOH appear gi'ay, while if the 
urine contains blood-coloring matters they are blood-red 
or dichroic. The absence of albumen in the urine, the 
gray color of the earthy phosphates, and the red precipi- 
tate from lead salt, serve as points for the differential 
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diagnosis between uroerytlirine aud blood-coloiing mat- 
ters. 

Uroerythrine occura in all febrile conditiona, even in 
the lightest catarrh, but most frequently in pyaemia, 
liver affections, and lead colie. 

ff. The vegetable-coloHng matters. Many vegetable- 
coloring mattere, especially chrysophanic acid (in rhu- 
barb and aenna leaves), impart to alkaline urine a 
reddish-yellow to deep-red color. These are easily 
recognized from the fact that on the addition of an 
acid the urine loses its color, which returns again upon 
addition of an excess of ammonia. After heating with 
KOH, if a precipitate of earthy phosphate falls, it is 
often colored blood-red, so that one might be induced to 
believe there was blood-coloring matter in the urine. 
The precipitate never appears dichroic, but by long 
exposure to the air becomes violet. 

The fact that the urine loses its color by addition of 
an acid, and regains the red color upon addition of an 
excess of ammonia, and that it contains no albumen, 
distinguishes this reaction fi'om that of the blood- 
coloring matters and m-oerythrine. It is of importance 
for the physician to know this reaction, especially in 
summer, when the urine is apt to have an alkaline 
reaction, and the blood-red appearance to cause alarm. 

7. Bhodrcoloring matters. The appearance of blood- 
coloring matters in the uiine may be from a double 
origin. They may have been excreted by the kidneys, 
or may have arisen from the breaking down of blood- 
corpuscles in the urine. The color of this m-ine ia 
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different accoi-ding as hsemoglobine or methsemoglobine 
is present in the urine. 

From hemorrhage of the lai'ge vessels the urine 
contains mostly haanoglobine. By parenchymatous or 
capillary haamorrhage the urine almost always contains 
some methsemoglobine, which imparts to the fluid a 
browniah-i'ed color. The reason that at one time hsemo- 
globine alone, and at another with methfemoglobine 
also, appears in the urine, may be due to the fact that 
with capillary hEemorrhagea, which occur in various 
kidney affections, the blood becomes more slowly and 
intimately mixed with the urine, and is held longer in 
solution at the normal temperature of the body in the 
organism. The temperature and carbonic acid of the 
urine, as well as the lack of oxygen, furnish the essen- 
tial conditions for the change of 1 



In order to prove the presence of the blood-coloring 
matters in the urine, the hsemine test is useful. The 
earthy phosphates are precipitated in a test-tube by 
adding KOH with slight warming. The earthy phos- 
phates carry the blood-coloi' substances to the bottom of 
the tube, and consequently do not appear white as in 
normal urine, but blood-red. If but a slight amoimt of 
blood-coloring matters is present in the urine, the pre- 
cipitate will appear dichroic. 

If an alkaline urine is evacuated, and by heating 
with KOH no earthy phosphates are separated, from 
the fact that they have been already deposited, we may 
by addition of a few drops of the magnesiiun solution 
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form an artificial precipitate in the KOH mixture, 
which will by warming bring down along with it the 
blood-color subetances just as well as do the earthy- 
phosphates. 

The precipitate containing the coloring matters of 
the blood should be filtered off and placed upon an 
object-glass, and warmed carefully until the phosphates 
are perfectly dry. Then the hsemine crj'stals can imme- 
diately be separated. For this purpose a few grains of 
common salt (Na CI) are rubbed into the dried earthy 
phosphates containing the coloring matters ; the excess 
of salt is then blown off the object-glass, and a hair is 
laid across the residue. A glass cover is laid on, a drop 
of glacial acetic acid added, and the slide warmed until 
little bubbles begin to show themselves under the glass 
cover. After cooling, crystals of hsemine can be seen 
under the microscope. Extreme care must be taken in 
this test, upon addition of KOH to the urine, to warm 
but slightly and filter rapidly, to avoid further decompo- 
sition of the blood-coloring matter. When the glacial 
acetic acid is added, air-bubbles form before heating, 
which are simply carbonic-acid bubbles. These are 
allowed to pass away, and then we heat to the bubble 
formation spoken of above, i. e., to the boiling-point of 
acetic acid. The hEemine crystals obtained in this way 
often appear small and imperfectly crystallized, but with 
a high objective they are easily recognized. (PL V., 
A, 1, and Hoffmann, 1, c, 295.) 

This can be done in another way as follows : Render 
the urine alkaHue with Na OH, add tannic-acid solution, 
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and then acetic acid. The washed and dried precipitate 
is treated for hgemine. 

For the proof of blood-coloring matters in urine, 
separate the alhumen by heat and coagulation, collect 
the brown coagulum on a filter, dry, and extract with 
alcohol containing some stilphuric acitl. Permit the 
alcohol to evaporate. From the residue Teichmann'a 
crystals of hiemine may be separated as above de- 
scribed. 

If a spectroscope is at hand, it is very satisfactory for 
the proof of the blood-coloring matters. The urine 
should be diluted and put into a large test-tube, and 
held between the slit and a petroleum lamp. (" Spec- 
tralbild des Methsemoglobin," K, B. Hofmann, 1, c, 277, 
erste AbbUdung, Nr, II.) 

The so-called haematinuria (the passage of blood- 
coloring matters into the urine) occurs with constitu- 
tional diseases, such as scun-y, purpura, scarlatina, etc. 
It is hardly necessary to add that after transfusion of 
blood, after inhalation of hydrogen arsenide, and also 
with true hfematuria, soluble blood-coloring matters are 
mixed with the mine, 

& £iliary-coloring Matters. — Under certain con- 
ditions the coloring matters of the bile may be mixed 
with the urine. The urine more frequently contains 
bUiprasuie than bilirubine, but not seldom other oxida- 
tion products. If unchanged bUirubine is present in 
the urine, by a simple test we obtain a beautifully 
characteiistic color-reaction. If biliprasine is present, 
by the same test we only have a green color. If the 
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biliary coloring mattera are further changed, the test 
entirely fails. 

1. GmeU/rCa 7^^.— Into a small test-beaker contain- 
ing the icteric urine we pour a sub-layer (in the same 
manner as we perform the test for albumen, by pouring 
the acid slowly down the side of the glass) of strong 
nitric acid, containing a little yellow fuming nitric acid 
(IINOg + NOa). In the zone between the fluids there 
occur fiom below upwai'd the colors green, blue, violet, 
red, and yellow. The green is predominant, whereas 
the blue often does not apj^ear. This test can also be 
made by adding weaker HNO3 to the urine in a beaker, 
and then pouring under this mixture a layer of concen- 
trated H^S04. 

2, HeUer^a Test.- — Pour into a small beaker-glaas 
about 6 c,c. of pure HCl, and drop the urine into it 
nntU the acid is distinctly colored. Stij' this, and 
beneath the misture pour a layer of pure HNOb. In 
the intermediate zone there occurs a beautiful irides- 
cence. If we now stir with a glass rod, the entire mix- 
ture shows the color-changes successively in the same 
order as they had been previously observed between the 
fluids. This may best be seen by transmitted light. 
This test is very delicate, easily applicable, and suffices 
for moat cases of urinary investigation. 

To detect the presence of but a smaU quantity of 
biliary coloring matters, 100 c.c. of mine must be gently 
agitated with 10 c.c. of chloroform in a flask, untU the 
chloroform is colored yellow. Strong shaking is to be 
avoided, so that the chloroform wiU not break up into 
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email drops, which will not ^ain resolve themselves into 
a clear fluid. By closing the tute with the thxunb and 
inverting the flask, it is easy to pour off about 1 c.c. of 
the colored chlorofoim into a test-tube containing 10 c.c. 
of pure HCI, when the yellow chloroform drops wiU 
sink as a colorless fluid to the bottom. If now with 
slight movement we add a little HNOs, the chloroform 
at the bottom of the fluid will go through all the spec- 
tral color-changes which are shown in Gmelin'a test. 
For the reason that the changes take place veiy slowly, 
and becauee acids work but alowly upon biliary coloring 
matters dissolved in chloroform, this reaction is especially 
good for demonstrating the biliary color scale. 

In all reactions upon the unchanged coloring matters 
of the bUe, the green color is characteristic. If this is 
not recognized, we can not be sure concerning the pres- 
ence of these coloring matters. Urine rich in indican 
gives also with Heller's test a play of blue, violet, and 
dirty reddish-yellow. The characteiistic green of the 
bile matters is, however, not perceived when only indican 
is present. 

If we test for albumen by pouring under the urine a 
layer of HNOg in a wine-glass, we see, when the un- 
changed bOe-coloiing matters are present, a green band 
between the fluids. If albumen also is present, its zone 
]s colored green from the biliary coloring mattere. 
Urine rich in indican may mislead as to the biliary 
color-reaction. There appears in the same position 
between the fluids an indigo-blue color, which in re- 
flected light may be easily mistaken for green. In such 



106 ANALYSIS OF THE UnilfE. 

doubtful cases the biliary matters are to be isolated as 
before mentioned by chloroform and proved by HeUer'a 
teat ; or the urine may be treated with lead solution, 
and the filtrate tested for indican. 

3. Ulizmmm^s Test. — This test simply shows the 
characteristic green color with distinctness and cer- 
tainty. We add to 10 c,c. of urine 3 or 4 c.c. of a pure 
KOH solution (1 part of caustic potash to 3 of water is 
essential), then shake and add an excess of pure HCh 
The mixture now assimies a beautiful emerald-green 
color. 

If in icteric urine the earthy phosphates are precipi- 
tated by heat and KOH, they are colored brown by the 
biliary coloring matters. 

If the urine already contains altered biliary coloring 
matters (bilifuscine), i. e., such as no longer give the 
reactions of Gmelin'a and Heller's tests, their presence 
may be ascertained as follows : A clean white linen cloth 
(or filter paper) ie dipped into the urine and allowed to 
dry ; the linen appeal's colored brown. A further con- 
firmation of the presence of altered biliary coloring 
matters is by a very dark HjSO^ reaction : the urine 
does not appear garnet-red, but almost black. A similar 
reaction is only observed in the presence of sugar and 
blood-coloring matters. Both can be excluded, however, 
by methods abeady given. 

Finally, if the urine is warmed with KOH and the 
earthy phosphates fall, the urine is colored much darker 
than before the lieating, and the precipitate of phos- 
i is colored bromi. 
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Biliary coloring matters are fotmd in the mine in 
various pathological processes of the liver, whether or 
not there exists an icteric coloring of the skin. Thus 
ictems can be prognosed one or more days in advance 
by the appearance of the urine. Further, these coloring 
matters are always pj'esent in phosphoms-poisoning. 



I 



5. The Bih Acids. 

The bile acids appear very seldom in the mine, and 
when found exist in extremely small quantity. In 
icterus they are rarely found, although the biliary color- 
ing matters are present in large amount. In parenchy- 
matous affections of the liver, on the contrary, which 
are followed by a rapid destruction of that organ, the 
bile acids ai'e undoubtedly present, but in very small 
amount even then. 

It must be accepted that in these cases so much of 
the bile acida are foi-med that, the blood being unable to 
assimilate them, some are excreted unchanged. 

Sometimes it happens that we are able to prove the 
presence of the bile acids by Strassburgers' method, as 
follows : Dissolve some cane sugar in the urine to be 
tested, dip in a piece of filter paper, and permit it tO' 
dry. If now we touch the paper with a glass rod 
dipped in 11,80^ (free from HNOa), we perceive a pur- 
ple-violet stripe (a red or reddish brown color is not 
decisive). 

Usually the bile acids must be isolated from a great 
amount of urine and proved by Pettenkofer'a test. 
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The method of procedure is very complicated. About 
500 C.C, of trrine are evaporated on a water-bath to diy- 
neas, and tte residue extracted with alcohol This solu- 
tion is again evaporated, and the residue again taken up 
with absolute alcohol. The alcoholic solution is again 
evaporated, and the residue dissolved in a little water, 
and treated with lead-acetate solution, avoiding an ex- 
cess ; the precipitate is collected, washed, and dried on 
filter paper. The biliary lead salts are then extracted 
with boUing alcohol. The solution after treating with 
carbonate of sodium is evaporated, and the sodium 
biliary salts thus formed extracted with absolute alco- 
hol. This is now evaporated, and to the very highly 
concentrated aqueous solution of the residue we apply 
Pettenkofer's test, which depends upon the fact that 
when the watery solution of all biliary acids is treated 
with a few drops of a concentrated cane-sugar solution, 
and after that -with a few drops of concentrated HsSO*, 
the solution is colored purple-violet, if we take care that 
the mixture is not heated above 50° C. It is a good 
plan to place the dish or test-tube in cold water before 
the addition of the HaSO^ ; for otherwise the sugar may 
be carbonized by the HiSO^ and a blackish-brown solu- 
tion ensues. 

The merest trace of these acids may be discovered 
by Neubauer's modification of this. A few drops of the 
solution to be analyzed are evaporated to dryness in a 
porcelain dish over a water-bath. Add now a drop of 
a cane-sugar solution (1 grm. sugar to 500 c.e. water), 
and as much concentrated HjS04 ; warm them on a 
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water-batli until tlie edge shows a violet color, then 
remove, and the reaction goes on. 

A large number of other substances, as amyl alcohol, 
albumen, and oleic acid, give similar reactions. The 
apectroseope showa, however, an essential difference. 
(S. Hofmann, L c., 195.) 

Sometimes, besides the above mentioned substances, 
also appear allantoin, especially after use of tannic acid, 
lactic, acetic, and butyric acids, with acid fermentation, 
benzoic acid in fetid mine, and sometimes also fat and 



6. Carbonate of A^mmoniv/m. 

AH the ammonium carbonate, (NH4)jCOs, which is 
found in the urine arises from the breaking dovm of the 
urea. Urea is a cai'bamid — 

By taking up water, urea is changed into carbonate of 
ammonium — 

( NH, ( O.NH, 

NHj O.NH, 



i 



This transformation of urea into (NH4)jC08 is the ex- 
planation of the generation of ammonia either by the 
changes of the urine through decomposition, oi', under 
some circumstances, in the bladder. A body adhering to 
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the mucoiw membrane of the bladder acts aa a fennent 
under certain conditions. This is especially the ease in 
bladder catarrh. We find that in most bladder affec- 
tions the mine poesesaes an alkaline reaction. The 
catarrhal secretion from the pelvis of the kidney does 
not appear to ^ve rise to an alkaline fermentation of 
the urine, except in very advanced stages. "We conse- 
quently find that in pyelitis, in contradistinction to 
bladder catarrh, the urine almost always has an acid 
reaction. If we take two eqnal parts of fresh normal 
urine and add to one the sediment from a freshly passed 
pyelitic urine, and to the other the sediment from a 
freshly passed cystitic urine, and allow them to stand, 
at first we observe an acid reaction in both urines ; but 
after a short time the urine mixed with bladder secre- 
tion begins to lose its acid reaction, and in two or three 
hours will have become distinctly alkaline, while the 
urine with the pyelitic secretion still possesses an acid 
reaction and does not become alkaline usually until 
twelve to twenty-four hours afterward. 

Carbonate of ammonium appears in the second stage 
of acute exudative processes as the so-called resorption 
urine, which may be regarded as a favorable symptom. 

Carbonate of ammonium may be recognized by its 
odor. Urine containing this shows generally an alkaline 
reaction. Since, however, the alkaline reaction may be 
caused by one of the fixed alkalies, as carbonate of so- 
dium, which may have been taken internally, and we 
are in doubt as to the origin of the alkalinity of the 
urine, we may apply the following test : 
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Pour into a flask of 100 c.c. capacity 15 to 20 e.c. of 
the urine to be analyzed, and close the flask with a cork 
through which is passed a glass tube the thickness of a 
lead pencil. Into this introduce a strip of moistened 
litmus paper, and gently warm the flask on a water-bath. 
If ammonia is present, it will be drawn off with the 
steam, and the red litmus paper will be colored blue. 
In this way we are able to recognize a very small quan- 
tity of ammoma in the urine. Care must be taken that 
•the urine does not boil, for then the urea would be 
decomposed and ammonium carbonate would be formed. 
Carbonate of ammonium is present — 

(1.) Usually with the various bladder affections. 

(2.) In the second stage of acute exudative processes 
(resorption uiine). 

According to Heller, ammonium carbonate is present 
also in spinal affections and in severe typhus, the urine 
possessing an acid reaction. 



7. 



Sometimes we find in albuminous urine, especially 
with bladder catarrh, where a great amount of pus is 
produced, sulphuretted hydrogen (HjS). It is formed 
from the decomposition of the albuminous bodies within 
the bladder. Although this may be recognized by its 
odor alone, it can be proved chemically by the same 
means above described for the detection of carbonate of 
ammonium. Instead of the litmiis paper that we em- 
ployed above we must substitute a strip of white filter 



112 ANALYSIS OF TEE URISE. 

paper moistened witi a drop of a solution of lead or sil- 
ver salts. Upon the addition of the slightest heat the 
HaS escapes and colors the white paper in the tube 
black-brown. These urines are betrayed by coloring 
silver catheters black. 



By accidental constituents of the urine we under- 
stand those bodies which are exceptionally taken into 
the oi^anism and evacuated by the urine. 

Many substances undergo no essential change in the 
oi^anism, including most inorganic compounds, also 
many organic (succinic acid, chloroform, qiuniae, phe- 
nol, etc.). 

After continued use of the heavy metals and their 
salts, and also after continued employment in contact 
with them (as color-workere, potters, etc.), antimony, 
arsenic, copper, zinc, gold, silver, tin, lead, bismuth, and 
mercury have been found in the urine. 

The alkali salts taken internally appear in the urine 
— the alkali carbonates, ammonium salts, chlorates, 
borates, and silicates of the alkalies, ferro- and ferri- 
cyanide of potassium, potassium cyanide and iodide, etc. 
Sulphui'-hepar is excreted as a sulphate. Calcium and 
magnesium salts pass in but very small amount into the 
mine. 

The mineral acids (sulphuric, nitric, phosphoric, etc.) 
become for the most part excreted as the corresponding 
alkali salts. Only cai'bonic acid occurs free to any great 
extent in the urine. 
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The metallic bases, which exist in but minute quan- 
tity in the urine, may be separated by the usual quan- 
titative analysis or by electrolysis. Arsenic may usually 
be detected by treating the urine with HsS gas and 
applying Marsh's test to the precipitate. 

Many compounds, especially organic, undergo an 
important change in the organism. The aromatic acids, 
for example, are excreted as glycocol combinations, just 
as benzoic acid is excreted by the urine as hippuric, and 
salicylic as salicyluric acid. 

The cilkaUne carbonates arefoimd m the wme — 

(1.) After their internal exhibition. 

(2.) After use of sodium mineral waters. 

(3.) After a plentiful fruit diet, as the salts of 
vegetable acid are easily changed in the organism to 
carbonates. 

In these cases the reaction of the urine is alkaline. 
Whether this alkalinity is due to the breaking up of the 
urea, or has its origin from the fixed salts, we may 
determine by methods given on p. 44. 

We may also pour 10 c.c. of urine into a porcelain 
dish, and evapoi'ate the same to dryness, dissolving the 
residue in a few drops of water. If this residue gives 
a strongly alkaline reaction, it is due to the presence of 
the fixed alkalies in the urine. If the residue gives an 
acid reaction while the fresh mine has an alkaline reac- 
tion, the alkalinity is due to (NH4)aCOs, which is de- 
composed by evaporation. If we suspect the presence 
of other alkali carbonates, as well as the unstable am- 
monium carbonate, we must first test for the (NH4)gC08 



I 



11+ ANALYSIS OF THE URINE. 

in a flask as before described, and then test for the othei's 
in a poreelaJn dish. 

Iodine is very easily detected. If we add to a little 
mine in a test-tnbe some carbon disiilphide (CSs), and 
drop in bromine water or a small amount of fuming 
nitric acid, and after the addition of each drop close the 
teat-tube with the thumb and invert, the violet color 
of the carbon disulphide (or chloroform) indicates the 
presence of iodine. 

We may also add to the urine thin starch paste and 
then a drop of HNOg. A blue or bluish-black color 
indicates the presence of iodine. Often, with Heller's 
test for albumen, iodine crystallizes out, partly on the 
side of the glass at the border of the albumen zone, and 
partly on the bottom of the vessel. 

Salicylic acid may be recognized by the violet color 
the urine assumes upon addition of feme chloride. 
This is best recognized as follows : We add to 1 cc. of 
a concentrated ferric-chloride solution in a test-tube 
10 e.c. of urine, and note the reaction. A similar reac- 
tion occurs, however, in many diabetic mines. (See 
p. 96.) 

D. THE SEDIMENT. 

Urvm Fermentation, 

Normal urine is clear whea passed. After standing 
there fonns on the bottom or lower half of the urine 
the so-called nubecula, a slight cloud of bladder mucus, 
which is easUy distinguished if we hold the glass vessel 
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against a dark background, as the sleeve of the coat, 
especially wlien in the mneus-cloud epithelium, bacteria, 
or the delicately precipitated urates are suspended, 

A healthy urine, if kept in a perfectly clean vessel 
exposed to the air (but better if air is excluded), wiU 
remain in this condition a long time (weeks or nlonths). 

Often there takes place in the urine a change known 
as acid fermentation. 

The urine, besides the urate, contains the phosphate 
of sodium. If now this salt of phosphoric acid acts 
upon the sodium urate so that it extracts one part of the 
sodium, there results an acid salt of uric acid, which is 
difficultly soluble and falls to the bottom as a reddish- 
yellow or clay powder. This happens especially at a low 
temperature, but at a high temperature the decompo- 
sition process goes even farther: the uric acid salt is 
deprived of all its base (sodium), and the almost in- 
soluble uric acid separates in beautiful distinct crystals, 
which are more or less brick-red or dark brown, and fall 
to the bottom as a granular powder, a part sticking to 
the side of the vessel and part floating on the surface. 
Sometimes the uric-acid cr}'^8tals are mixed with the 
amorphous powder of the undecomposed urates — sedi- 
meninmih lateritium. 

If while this process is going on we disturb the 
vessel, no free acid is foi-med. With the urine sediment 
in most cases more or less small or great cryataJa of cal- 
cium oxalate are mixed (PI. III., A). A part of the 
uric acid is in the organism transformed to oxaluric acid, 
which by long standing and exposure to air becomes 
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oxidized in tlie urine to oxalic acid, whicli appeal's in 
the sediment as calcium oxalate. (This proceas, as may 
be imdei-stood, does not deseive the name of fermentar 
tion, though in a few cases a tnae fennentation appears, 
"with formation of acetic acid.) 

When the decomposition of the phosphates and 
urates is ended, there follows after a short time a new 
process. The urine becomes paler ; the crystals of uric 
acid have disappeared ; the acid reaction changes first 
to neutral, then to alkaline ; the urine gives ofE a 
strongly ammoniacal odor, becomes more and more 
turbid, and a whitish sediment falls, which no longer 
consists of urates, but of the phosphates of the alkaline 
earths. By means of the microscope we find that this 
turbidity is not caused by the finely powdered sus- 
pended phosphates, but by a multitude of partly quiet 
and partly ever-moving bacteria. This process is the 
characteristic or alkaline fermentation of the urine 
(PI. IV., B). It is based upon the destruetibility of 
urea by a peculiar ferment discovered by Mnsculus 
(Hofmann, 1. c, 400). 

Musculus recommends a paper saturated with the 
ferment as a very sensitive reactive for urea. The 
thick-flowing alkaline urine as it comes from bladder 
catarrh is filtered ; the filter paper which was used is 
washed with distilled water until it has no longer an 
alkaline reaction, dried, and colored with turmeric. The 
urea itself does not react on turmeric, but the urea is 
decomposed by the absorbed ferment, and the paper is 
colored brown by the resulting ammonium carbonate. 
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Ammonia can combine with uric acid as urate of 
ammonia, whieli appears crystallized as single or double 
Bpherea with a smooth or thorny surface. If the am- 
monia formation goes on, then a part of the ammonia 
joins with the phosphate of magnesia and forms beauti- 
ful crystals of triple phosphates. The phosphate of 
calcium dissolved in acid fluids faUs to the bottom in an 
alkaline solution. The sediment then of the alkaline 
urine consists of an amorphous mass of phosphate of 
calcium, together with crystals of triple phosphates; 
at the beginning of the process also urate of ammonimn 
is present. 

Blood and pus mixed with urine, as well as un- 
cleansed vessels which have contained fennented urine, 
cause rapid decomposition of the same without having 
previously passed through the so-called acid fermenta- 
tion. Bacteria accompauy this process, and well-devel- 
oped mold can be observed on the surface of the urine 
after it has stood for a time, especially on a hot day. 



Clamificatmi of the Sedimmt. 

As long as the morbific constituents of the urine are 
distributed thi-oughout the fluid, they produce tiirhidity 
of the same ; aa soon as they sink to the bottom, they 
form the sediment or precipitate. Precipitation ocetirs 
in different urines with various degrees of rapidity : 
faster in tliin than in thick albiuninous urines; more 
quickly if the materials are heavy solids, such as crystals 
of uric acid or the urates ; more slowly if they are light, 
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aa epithelimn and delicate hyaline cylinders. The con- 
stituenta of the sediment are either excreted in their 
present state from the bladder and only need to settle, 
or they may have had their origin in the evacuated 
urine. 

The elements of which the sediment is composed 
are either organic forma — and these appear as vrell 
in aeid as (somewhat changed) in alkaline urine — or 
inorganic, partly amorphous, pmtly crystalline forms, 
some of which are found in acid and others in alkaline 
urine. 

Accordingly, we may classify all the sediments as 
follows : 

SEDIMENTS. 



I. Frmn acid ti 



II. From idhaliTw v/rine. 



NOT ORGANIZED. 



Urates of sodium and 

potassiimi. 



a, Amorplioiis: 

1. Calcium phosphate. 



2. Calcium carbonate. 



1. Uric acid. 

2. Calcium oxalate. 

3. Cystine, 
•i, 'Tyrosiue. 



1, Ammonium urate. 

2. Triple phosphates. 

3. Calcium phosphate, 

4, Magnesium jihosphate. 



THE UBISE. 



I 



B. OBOAIflZED, 

1. MucuB- and pua-corpuacles. 

2. Blood-corpuscles. 

3. Epithelium from the various tracts of the urinary 

apparatus. 

4. Cylinders (or casts) and fibrine coagula. 

5. Spermatozoa. 

6. Carcinomatous tissue. 

7. Entozoa. 

8. Fungi. 

In this Beries the constituents ai'e arranged according 
to their form and the frequency of their occurrence. 

The TTnorganized S^iment. 
1. Urates. 

Uric acid is combined in the urine with sodium and 
potassium, and forms in the sediment salts of varying 
composition ; for by a loss of part of the base (aa we 
have described in the so-called acid fermentation) an 
acid salt arises, which is difficultly soluble and always 
tends to precipitate. 

The tiratea are more soluble in warm water than in 
cold, and the neutral salts are more soluble than the 
acid. Therefore it follows that the urates are most 
easily precipitated, if we add a strong acid which will 
deprive the neutral salts of part of their base, forming 
acid salts which are so difficult to dissolve. These 
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The surfacee of such forma are emooth, or are studded 
with sharp points, resembling thorn-apples. The pro- 
longations may be long, branching, and bent, thereby- 
forming a multitude of similar shapes (turnips, spiders, 
many-rooted teeth, etc.). (PI. IV., B.) These forms 
ai'e 90 characteristic that the obsei'ver after using the 
microscope remains no longer in doubt as to the nature 
of the sediment. 

The quantity generally admits of a few microchemi- 
cal tests. 

If a drop of HCl is allowed to flow under the glass 
cover, the original bodies disappear, and after a short 
time we see the very small rhombic ciystals of pure uric 
acid formed. If KOH is added instead of HCl, we 
observe the formation of bubbles from the liberated 
ammonia. The lU'ate of anmaonia gives like the others 
the murexide test (p. 53). 

3. ?7?w Acid. 



The appearance of uric acid in the urine is in part 
dependent upon the same circumstances as the urates. 
Normally we find crystals of uric acid at the end of the 
so-called acid fermentation, also in concentrated urine, 
especially on summer days, when the higher temperature 
prevents the deposition of the urates. Finally, a patho- 
logical excess is found in those cases where the water 
and the alkalies do not suffice to retain it in solution. 

The primary foi-m of uric-acid crj'stals is that of 
rhombic plates with blunt rounded comers. This shapes J 
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is known as whetstone ciyatalB. The crystalB may be 
small and singly developed. Sometimes rows of these 
ciystals are deposited on accidental impurities, as threads 
or hairs, and thns form long cylinders. In other cases 
the single ciystala are developed and joined to foreign 
matters, where they are arranged upon the edges (fan- 
shaped) or upon the faces (as tiles). Besides the whet- 
stone crystals, we often find tub-shaped or long pointed 
crystals joined together in a rosette. (PI. II., B.) 

The rough and pointed forms of uric acid have a 
great practical significance, inasmuch as they are almost 
always an accompaniment of renal calculi. (Ultzmann, 
"Ueber Hamsteinbildung," in "Wiener Klinik," 1875, 
5 Heft) 

These forms occm' only in strongly acid iirine. If 
the acid iirine is neutralized by the internal admimstra^ 
tion of fixed alkalies, the forms of the crystals are 
changed, the pointed forma becoming the normal whet- 
stone-shaped crystals. 

The rough and pointed foi-ms of the crystals occur 
in the urine sediment of pyelitis calculosa, and ai'e fre- 
quently accompanied by albuminuria (hyperemia of 
the kidney) and hsematuria. 

We also find these foi-ms present without pyelitis or 
albuminuria. When this is the case, mictuiition is 
sometimes painful. 

In every case the uric acid is colored light yellow, 
brown-red, or dark brown by the accompanying coloring 
matters. 

The crystals are generally formed so laige that they 
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appear on the bottom of the vessel as a glistening brick- 
red aand, which may often be seen by the unaided eye. 
This sediment dissolves on heating with caustic 
alkali ; partly because some urates ai-e formed, while 
the remainder of the acid is deoxidized. The sediment 
gives finally a beautiful murexide reaction. 

4. Ccddum Oxalate. 

Oxalic acid has a strong affinity for calcium. Since 
calcium salts are present in the urine, the oxalic acid 
which is excreted by the kidney or forms in the urine is 
observed in combination as calcium oxalate. These 
crystals result, as already mentioned, fi'om the acid fer- 
mentation together with uiic acid. The shape of the 
calcium oxalate is very characteristic. The crystals are 
generally quadrilateral octahedrons which have a strong 
refractive power. Sometimes they appear as small but 
distinctly angular dots, and sometimes as rectangular 
plates whose angles are joined by diagonal lines, causing 
the envelope appearance. Some appear oblique. Be- 
sides these principal forms, we sometimes observe dumb- 
bell crystals. (PL III., A.) As these crystals have a 
low specific gravity, they appear only after a long time 
in the sediment — from twelve to twenty-four hours ; 
after this time has elapsed we must carefuUy decant 
and look for the small four-cornered dots. 

The characteristic form of the crystals admits of no 
confusion. The only crystals with which they may be 
confounded are the triple phosphates. In the first place, 
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however, the calcium-oxalate crystals are never as large. 
Secondly, calcium oxalate occurs in acid urine, triple 
phosphates appear in neutral or alkaline. Finally, 
acetic acid dissolves the triple phosphates, but has no 
action on the calcium oxalate. 



^ 5. Cystine. 

Cystine forms regulai' hexagonal tables of vaiying 
size. These occur singly, or we find a lai^e plate at 
the bottom, and smaller and smaller plates as the series 
ascends; we also observe a shingle-like series. Some- 
times a lai^e crystal breaks, showing the hexagonal 
cleavage to be still preserved. Small, imperfectly devel- 
oped crystals form irregular lumps. Often the comers 
of the plates are rounded as if melted oS. The crystals 
are always coloriess, (PL VI., A.) These crystals can 
only be confounded with a pure, colorless, rarely occur- 
ring form of uiic acid. This similarity is observed when 
the cystine is precipitated by acetic acid ; for, when uric 
acid is precipitated in the same manner, the forms are 
similar six-sided plates but generally not as regular. 

In order to ascertain if our crystals under the micro- 
scope are cystine, we carefully allow a drop of ammonia 
to flow under the cover-glass. Instantly the ciystals of 
cystine vanish, while uric acid without the application 
of heat remains unchanged. As soon as the ammonia 
has evaporated, the cystine again crystallizes. The 
reprecipitation is assisted if we add a drop of acetic acid 
to the anunouiacal solution. 
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A second test consists in treating the cystine crystals 
with a drop of hydrocMoric or oxalic acid. Cystine 

dissolves, while the uric acid will remain unchanged. 

The form of the crystals and their insolubility in 
boiling water prevent cystine from being confounded 
with the urates. 

Cystine is soluble in ammonia, but insoluble in car- 
bonate of ammonia. In case the cystine is held in solu- 
tion in the acid urine at the beginning of the alkaJine 
fermentation, it is precipitated like an earthy phosphate 
by the carbonate of anunonia generated. 

From the earthy phosphates and triple phosphates 
cystine is easily distinguished by chemical tests, and by 
the microscope, which shows the earthy phosphates as 
an amoi-phous powder, while the triple phosphates pre- 
sent an entirely different form of crystals. 

Acetic acid dissolves the earthy phosphates, but the 
cystine is unaltered by it. But, if it happens that by 
addition of acetic acid and heat the greater part of the 
sediment dissolves and but a trace remains, this should 
be brought under the microscope ; and, if hexagonal 
plates appear, they should be treated in the above de- 
scribed manner with anunonia and hydrochloric acid, to 
distinguish the cystine from uric acid. 

If we dissolve cystine in KOH, warm, add water, 
and then a solution of nitro • prusside of sodium 
(NaB(CN)B(NO)Fe''), the mixture becomes violet. This 
reaction also will show albumen or any other compound 
containing sulphur in the dyad form. 

The urine in which we find cystine is mostly pale. 
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When putrefying it develops, beaidea the anunoniacal 
odor, that of hydrogen sidphide, which in all proba- 
bility occiira as a decomposition pi-oduct of the cys- 
tine. The sediment of cystine occurs in connection 
with cystine stone, and also independently of it. It 
appears white or dirty yellowish-gray, often with an 
abundance of triple phosphates and phosphate of cal- 
cium ; in acid urine, with calcium oxalate. 

This sediment seldom occurs with us, but it some- 
times happens that many members of a family suffer 
from cystinuria. 

6. Leucme and Tyrosine. 

Both of these substances ai'e usually found together 
in the urine, but mostly in solution. Simple evapora- 
tion serves to produce a sediment (p. 97). Tyrosine 
sometimes appears as a sediment without this treatment. 

Under the microscope leucine appears as spheres of 
various sizes, more or less colored, and having the ap- 
pearance of large drops of fat. They are sharply 
defined, and show in a favorable light fine radiating 
stripes and also delicate concentric lines. 

Tyrosine forms very fine short needles, made up into 
sheaves or bundles crossing each other at various angles. 

(PL rv., A.) 

Sometimes leucine spheres are distributed throughout 

this formation. The addition of a drop of ether will 

prevent confusion of the leucine with fat-globules, for 

[ fat is dissolved by the ether. The crystals are soluble 

in caustic alkalies, but not in cold mineral acids. 
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Tyrosine crystals can be identified in two ways, by 
Piria'B and Hoffmann's tests. The first method consists 
in placing a small amount of the sediment in a watch- 
glass, and moistening with a few di'ops of concentrated 
sulphuric acid ; after an interval of twenty to thirty 
minutes add some water and neutralize the solution with 
calcium carbonate as long as it effervesces, and then 
filter. If, on the addition of ferric chloride wliich is 
free fi'om acid, a violet color is produced, tyrosine is 
present. 

The second method is still simpler. The sediment 
is diluted with water and boiled ; to the boiling fluid 
add a few drops of mercuiic-nitrate solution. If a red 
precipitate falls and the supernatant fluid is rose- or 
purple-red, tyrosine is present. Leucine and tyrosine 
occur in the urine very infrequently, seldom otherwise 
than with acute yellow atrophy of the liver and phos- 
phorus-poisoning. 



The fat-globules which float on the surface of many 
urines must not be regarded as coming from the urinary 
organs. We often find that the patient has been cathe- 
terized, and the fat has come from the oil used to lubri- 
cate the catheter. "We must also be careful regarding 
the finely divided fat-globules under the microscope ; 
they are apt to be from unclean object-glasses, or 
from the urine having been collected in greasy bottles 
which have previously contained haii- od or some fatty 
emulsion, medicines, etc., or to be caused by mUk 
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having been emptied into the vessels used for the 
urine. 

The assertions that entire fat-globules appear in the 
urine with excessive fatty degeneration of the kidney, 
we are unable to confirm by our personal observation- 
It seema very improbable, since the parts of the kidney 
affected by fatty degeneration do not secrete urine, so as 
to allow the fat-globules to enter. This view is strength- 
ened by a careful dissection of the parts. An emulsion 
of fat is observed in the chylous urine of the tropica 
(galacturia), partly causing its turbidity. The turbidity 
from these causes is cleared up by shaking with ether. 
In such urine the sediment is peculiar ; as the specific 
gravity of the urine is higher, the sediment will rise 
to the surface as a cream. The fat shows under the 
microscope various large spheres with sharp contours. 
Ether dissolves it. Choleaterine occurs sometimes along 
with the fat, but very rarely, and for the most part in a 
erystalline form, recognized by the clear, large rhombic 
In Europe galacturia occurs very seldom. 



8. Earthy 

a. Amorphous. — In ammoniaeal urine we find regu- 
larly a heavy precipitate of grayish-white sediment, 
which the beginner often mistakes for pus. This sedi- 
ment is the precipitated earthy phosphates, i. e., calcium 
and magnesium phosphates. As we have said, these 
salts are only soluble in acid fluids, and consequently 
must have been precipitated from the time when the 
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urea changed to carbonate of ammouium, thereby ren- 
dering the urine alkaline. Under the microscope the 
earthy phosphates appear aa granules of various sizes, 
which do not form the mossy groupings that characterize 
the urates. Their identification chemically ie very easy. 
The urates, with the exception of urate of ammonium, 
occur in acid urines, while the earthy phosphates (the 
crystalline calcium phosphate which occurs in acid urine 
being excepted) are found only in alkaline mine. The 
reaction with litmus settles the question as to whether 
we have to do with ui'ates or phosphates. By heating, 
the urates disappear while the sediment of the phos- 
phates increases. By addition of KOH or Na OH the 
urates dissolve, while the phosphates remain unchanged. 

The distinction between phosphates and pus ia shown 
m Donne's test. (P. 139.) 

All circumstances which lead to alkaline fermenta- 
tion of the urine, or cause the alkalinity of the same, 
tend to the formation of the sediment described, which 
is precipitated in mass proportional to the amount of the 
earthy phosphates in solution. 

Only exceptionally, with bladder catarrh or after the 
use of a great amount of alkalies, is the urine alkaline 
upon evacuation. In these cases it is already turbid 
from the precipitation of the earthy phosphates thrown 
down in the bladder. Generally the turbidity appears 
only a shorter or longer time after eva<!uation of the 
urine. These amorphous earthy phosphates are often 
mixed with a beautiful combination of magnesium phos- 
phate with ammonium- — the so-called triple phosphate. 
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h. CrystalUsed ccdcmm pJiosphate. — CiystalliDe cal- 
cium phosphate, of the formula PO4 HC'a -f 2HgO, is 
found in pale weakly acid urines, which have a tendency 
toward alkaline fennentation. 

This sediment appears with some persons as an, 
individual peculiarity oftener than from other causes. 
We have observed individuals living under healthy 
normal conditions to have in summer a daily sediment 
of crystalline calcium phosphate in the urine. 

Under the microscope the crystals appear cluh- 
shaped, with broad oblique bases. They may be iso- 
lated, or may lie over one another, the points convei^ing 
together, often forming a rosette, the periphery being 
formed by the bases of the crystals. 

In some cases the crj'stals do not simply form cir- 
cles, but make up segments of spheres. (PI. m., B.) 
(Other forms are described in K, B. Hoffmann's " Zoo- 
chemie.") 

The forms of the crystals are so characteristic that 
confusion is hardly possible. The triple phosphates 
which may accompany theni in later stages of alkaline 
fermentation have no points, and moreover form no 
bouquets or rosettes. 

From uric acid this sediment may be distinguished 
by the fact that it ia colorless and disappeai-s on addi- 
tion of acetic acid. 



In neutral or weakly alkaline urines, which we ob- 
sei-ve after the internal use of the fixed alkali carbonates 
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or mineral waters contaiiiiug them, appear long quadri- 
lateral tables of basic magnesium phosphate, Mga(POi)» 
-[-I7H3O, two opposite angles of w^Jolch have been 
truncated. If we allow a di-qp of a solution of commer- 
cial ammonium carbonate, in five parts of water, to flow 
over these crystals beneath the cover-glass, they become 
opaque, and appear like rough leather gnawed on the 
edges. 

Calcium phosphate does not become opaque, and is 
more slowly affected by such treatment. Triple phos- 
phates are not altered. 

This sediment is very rare, and can only develop in 
urine which is strongly concentrated and is originally 
neutral or alkaline. If the urine becomes alkaline from 
the urea decomposition, there is naturally no magnesium 
phosphate, but we have ammonio-magneaium ' phos- 
phate. 



10. Trij^U 

These appear as large, clear, refracting crystals, with 
distinct smooth surfaces and sharp edges. Among the 
many combinations of the rhombic and very frequently 
partially amorphous shapes, the coffin-lid crystals are 
the most common. (PI. III., B.) They might be con- 
fused only with sodium chloride or calcium oxalate ; 
but sodium chloride only appears as crystals in evapo- 
rated urine. Fi'om calcimn oxalate they may be distin- 
gnished by adding a drop of acetic acid ; if the sediment 
dissolves, it is triple phosphates; if it remains un- 
changed, it is calcium oxalate. The conditions imder 
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which these occur have been spoken of under earthy 
phosphates. 

11. Calcimn, Carbonate. 

The urine of most herbivora is already cloudy when 
evacuated. The turbidity arises from the mass of the 
excreted calcium carbonate. Only esceptionally is such 
a condition found in man, though it sometimes occurs a 
short time after the nrine is evacuated. The causes of 
this are somewhat obscure. 

This sediment does not come down by itself, but in 
connection with the earthy phosphates, forming a more 
or less fine grained powder, and sometimes dumb-bell 
crystals, (PI. VI., B.) We can recognize this pi-ecipi- 
tate by its solubility with effervescence on addition of 
mineral acids. This may be observed tinder the micro- 
scope. If, by placing a thread or a hair under the cover- 
glasa, we allow a drop of HCl to reach the sediment, then 
we see gas bubbles of carbonic acid developed. This 
reaction is never observed with pure earthy phosphates. 
The sediment must be previously washed carefully with 
water on a filter to remove any ammoniimi carbonate 
(which with acids would also cause effervescence). 



1. Mucus. 

Considerable mucus may be contained in the urine 
and not be noticed, because of its transparency, and the 
slight difference of its refractive power from that of the 
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urine. Only after long standing, when the urates begin 
to come down, when the mine contains more epithelium 
than usual, or when there is a rapid and considei-able 
development of bacteria, does the mucus form the before- 
mentioned nubecula. 

If these conditions are not fulfilled, we color the 
urine. 

H there is no albumen in the urine, we precipitate 
the mucus with alcohol to which some tincture of iodine 
has been added, as a stringy mass. Or the mucus may 
be precipitated by acetic acid to which has been added 
a little of a solution of iodine dissolved in potassium 
iodide. The acetic acid causes a turbidity of the mucine 
in solution, which is not affected by an excess of this 
acid, but which vanishes upon addition of a couple of 
drops of HCl. 

If the tui'bidity of the urine disappears by applica- 
tion of heat, we know it was not due to mucus, but to 
the urates. Mucus has no characteristic form under the 
microscope ; we find only crystals of oxalate of Ume and 
uric acid, as well as mucus-eoipuscles (young cells) or 
bladder epithelium which have been held in suspension 
by the mucus. 

Mucus coagulated by acetic acid, however, shows 
under the microscope a granulated mass, for the most 
part striated bundles, sometimes simulating casts and 
cylinders. 

In women we generally find a much greater nube- 
cula, because the urine is usually mixed with a great 
quantity of vaginal mucus, especially with fluor albus. 
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Since mucine only swells in water and xindergoes no 
reii eolation, we may separate it from the urine by 
filtration. The mucus remains on the filter, and appears 
there when dry as a glistening vamislL Urines contain- 
ing mucli mncus filter badly, for the reason that the 
pores of the paper are stopped. 



2. 

We have already mentioned tlie young cells as 
mncns-corpuscles. Other cells appear in the urine 
which serve as an epithelial covering for the mucous 
membrane of the urinary apparatus, or as the proper 
glandular tissue of the kidneys. 

Manifold aa the forms of the epithelial cells appear, 
if we examine the various parts of the urinary apparatus, 
we do not find all these forms represented in the mine. 
The urine, as a fluid containing various salts in solution, 
works a change upon the epithelial cells. Three forms 
may with certainty be distinguished: 1. Round cells; 
2. Conical and caudate cells ; 3. Flat cells. 

1. The round cells arise from the tubules of the kid- 
ney, and from the deeper layers of the mucous mem- 
brane of the kidney-pelvis. In their original form they 
are more or less oppositely flattened, corresponding to 
their position beside one another. (PI. I., A, 1.) Un- 
der the influence of the urine they swell and become 
globular. They have a clearly defined nucleus, and are 
by this easily distinguished from the pus-corpuscles 
which also appear in the sediment. The pus-cells are 
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unifomily granulated, and show theii" nuclei with dis- 
tinetness upon addition of acetic acid. The epithelial 
cells contain but one nucleua, the pue-ceUs two, three, 
and sometimes more ; besides, the epithelial cells are 
lai^er. 

In acid urine the epithelial cells are rather long, but 
if the urine is neutral or alkaline, they appear greatly 
swollen, nearly hyaline, the granular protoplasm entirely 
surrounding the nucleus; after a time they become 
wholly dissolved. The epithelium of the male urethra 
is very similar to the kidney epitheHum, so that it is 
difficult to distinguish one from the other under the 
microscope. (PI. I., B, 1.) The distinction is usually 
based upon the chemical constitution of the urine. If 
the urine contains albumen, the round cells are due to a 
desquamation from the urinary tubules. If albumen 
is not present, the round cells are probably from the 
urethra. 

The epithelium of the prostate, Cowper's, and Lit- 
tre's glands is similar to that of the m'ethra, and can 
not be distinguished from it microscopically. With 
mucus and pus the epitheHum forms the so-called gonor- 
rhceal threads. (PI. VI., A, 2.) 

2. The coniccd and caudate cells have their origin in 
moat cases in the pelvis of the kidney. Veiy delicate 
cylindrical cells come also from the accessory organs of 
the male urinary appaiatus, though they are of i-are 
occurrence. The cells are generally tmce as long as 
broad, and are smaller at one end than at the other. 
The caudate cells may have a prolongation on one end 
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(unipolai'), or tliey may have spindle-shaped prolonga- 
tions on both (bipolai' caudate cells). (PI. I., A, 2.) 
The presence of these cells must not be regarded as an 
indication of a neoplastic growth, as is stated in the 
older writings. 

3. The flat celh arise either fi'om the bladder or 
the vagina. They are most irregular, polygonal with 
rounded comers, and have a sharply deiined dark 
nucleus nearly in the centre. This nucleus bulges out, 
as may be seen when the cell is standing on its edge, 
making the cross-section appear like a spindle-cell. (PL 
L, B, 2.) 

It is difficult sometimes to distinguish the bladder 
epithelium from that of the vagina. The bladder 
epithelium is more delicately formed, and generally 
appeara singly ; the epithelium of the vagina is some- 
what coarser, has sometimes a waiped surface, and is 
almost always cast off in great cohering shreds ; fre- 
quently the scales are ai'ranged in layers, an appearance 
never occuning in bladder epithelium. (PI. I., B, 4.) 

The yellow color of the nuclei of various epithelial 
cells with icterus is interesting. If we now allow a 
drop of fuming nitric acid to flow under the glass cover, 
we observe the nuclei to pass through the color changes 
of Gmelin's test (green, blue, violet, etc.) (XJltzmann). 



3, Pm-corpvsclea. 

The pus-eorpuscl^a of the urine are quite similar in 
appearance to those of a suppurating wound. They are 
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round cells twice as lar^ as blood-corpuscles, ^vith a 
uniformly granular exterior which surrounds the nuclei. 
The nuclei may be exhibited more distinctly by the 
addition of a drop of acetic acid under the cover-glass : ■ 
the granulation vanishes, the corjjusele swells, and the 
several centrally placed nuclei become visible. Besides 
this usual form, there is another of rare occurrence, in 
which the corpuscles are not round, but have various 
prolongations which show amceboid movement. (PI, 
VII, B.) 

The pus-corpuscles are changed, especially in ammo- 
niacal urine, under the influence of carbonate of ammo- 
nium. They swell up and coalesce, showing under the 
microscope a homogeneous mass, in which the nuclei 
alone are distinguishable. Such pxis forms a \'itreou8, 
slimy mass, which on pouring flows out as a whole, like 
albumen when poured from one vessel to another. 

This must be distinctly emphasized, lest the beginner 
fall into error in supposing that such a slimy mass is 
mucus or albumen. The latter does not fonn a sediment 
under any conditions, and mucus never forms a like 
cohering mass. If pus is in the urine, pus-serum and 
albumen must also be present. We may always obtain 
the albumen-test, which is not the ease with mucus. 

The amount of pus-corpuscles is various. Often the 
ludne contains so few that they (forming no sediment) 
escape the unaided eye. In some urines so much pus ia 
present that a sediment several fingers high is formed of 
a yellowish or grayish white color. 

A confusion with the urates is possible in acid 
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, urinra, and with the phosphates in alkaline. We have 
already described the tests for the urates. The phos- 
phates disappear on addition of a few drops of acetic 
acid ; pus does not. 

Domie'fi test permits the distinction without the aid 
of the microscope. Pour the uriae from the sediment, 
and add a little piece of caustic soda or potassa. If the 
sediment consist of pus, then it wUl lose its white color, 
becoming greenish and vitreous, first stringy, then 
thicker, until finally it forms a cohesive lump. It has 
in this manner taken on the appearance of pus in a 
strongly alkaline urine. Since no other body in the 
mine can give this reaction, it is a perfectly safe method 
of distinguishing pus. If the amount of pus is scanty, 

\ one can not expect to obtain the cohesive lump, but on 

I the contrary the sediment disappears and the fluid be- 

I comes vitreous and stringy. 

With the sediment are mixed broken-dowu pus-cor- 

, puscles (detritus), and frequently blood-corpuscles, epi- 

[ thelial cells, etc, 

4. Bhal-Corptisdes. 

Blood-corpuscles in the urine may be distinctly rec- 
ognized when present in but small amount. If the 
urine is tinged a brownish red, and the suspicion arises 
that blood-coloring matters or corpuscles are mixed with 
it, we allow it to stand for some time, in order that the 
light and sparingly present blood-corpuscles may form a 
sediment (often but a trace), which is colored a beauti- 
ful red. 
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In acid urine the blood-corpuscles retain their char- 
acteristic form for a long time. They exhibit small 
disks, which show a central shadow corresponding to 
the depression. If the blood-corpuscles stand on their 
edges, they appear bi-concave. They are always single 
(except in profuse haemorrhages from the bladder, when 
they form rouleaux), and appear reddish with a slight 
greenish tinge. 

This original form of the blood-corpuscle undergoes 
many changes, brought about by the nature of the men- 
struum in which the corpuscles are distributed. If the 
urine is very dilute, especially if it has begun to be am- 
moniacal, the corpuscles swell, the depression disappears, 
and they become spherical, appearing somewhat smaller 
than before. The central shadow vanishes with the 
depression, and instead the corpuscle has a peripheral 
shadow by which it is recognized as a sphei'e. 

By longer exposure to the above influences, the cor- 
puscle becomes more indistinct and appears as a delicate 
bubble, which then becomes but a mere shadow in the 
field, finally disappearing. 

By treatment with a neutral-salt solution the blood- 
corpuscles become smaller and jagged. These jagged 
forms are observed in the urine, often in connection with 
the normal. The corpuscles appear to have produced 
within themselves small crystals whose ends cause the 
limiting membrane to become distorted. (PI. V., A, 2.) 
Sometimes the corjauscles are not round but oval^ and 
are of various sizes in the same urine ; sometimes cup- 
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In hsematuria which accompanies parenchymatous 
affections of the kidney and bladder, we find almost 
always apherical corpuacles of different sizes. Quite 
small, even dust-like blood-corpuscles (microcytes) occur 
in such cases with normal and greater forms (myelo- 
cytes). 

No matter how small an amoimt of blood-coipuscles 
I is present, it is always possible to prove the jjresence of 
albumen in connection. 

If the blood-corpuscles have been dissolved in an 
ammoniaeal urine, we may test for the coloring matters 
(ha;mo- or methgemo-globine), as described on page 68. 

Regai'ding the origin of blood-corpuscles in the nrine, 
the subject is treated of in Chapter VIII. 



5. Cylinders. 

The ideutiflcation of cylinders plays a moat impor- 
I tant part in the diagnosis of kidney diseases; for by 
I their form they betray their place of origin in the urin- 
ary tubules. In the investigation of the urine, the 
L greatest care must be taken that these be not ovei'- 
looked. By their low specific gravity they remain for a 
I long time suspended in the urine. To this may be 
added the circumstance that their appearance is gener- 
ally accompanied with albunxinuria, and in the albu- 
minous fluid their precipitation is very slow. 

The precautions necessary for the investigation of 
these forms are as follows ; The nrine must be permit- 
ted to stand for several hours, then carefully decanted, 
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and the residue shaken up in a pointed sediment-glass, 
and allowed to stand again one or two hours. The last 
drops of the sediment should be brought under the 
microscope. One should never be satisfied by one ex- 
amination, as the number of cylinders is always small 
and may be overlooked on hasty investigation. While, 
on the one hand, we must exercise caution not to over- 
look the cylinders, on the other hand we must not mis- 
take for them materials of an entirely different nature. 
Beginners are apt to see granular cylinders in everj" 
accidental cylindrical arrangement of the phosphates or 
urates, especially if imbedded in stripes of mucuB. 

Although cylinders are generally accompanied by 
albuminmia, there is albuminui'ia with which no cylin- 
ders are found, and there are isolated cases in which 
cylinders are present without contemjioraneous albu- 
minuria. Examples of the first case are the albuminuria 
of interstitial nephritis, of amyloid kidney, and renal 
stasis ; as an example of the second condition, severe 
inflammatory processes are to be mentioned, in which 
the cylinders precede albuminuria from twelve to twen- 
ty-four hours. 

Among the numerous cylinders the chief forms 
(partly passing into one another) are the following: 
1. The ordinary fibrine cylinder ; 2. The fine granulated 
cylinder ; 3. The hyaline cylinder ; 4. The waxy cylin- 
der; 5. The epithelial casta and cylinders; 6. The so- 
called uric acid cylinder ; 7. The bacteria and micrococci 
cylinders, 

1. The ordinary Jihrine-cylindera are roll-formed, 
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often spirally twisted clots, with a sliarp contour and of 

a light yellow to brown-yellow color. Their calibre 

exceeds that of the other caste, so that they may be 

regarded as having their origin in Bellini's tubes (see 

;. 2), near their outlet upon the papilla; frequently 

[ the epithelial cells adhere to them. The blood-cylindera 

I may be regarded as a lower form of the fibrine-cy Under ; 

I theae consist of clotted blood, and arise from rupture of 

I the glomeruli. These are always dark brown, and ap- 

I pear to consist of a compressed clot of blood-cella. 

1 Sometimes we observe on one part of a cylinder a 

I fibrine-dot, while the other is covered with blood- 

leorpusclee. This form is always accompanied with 

\ isolated blood-corpuscles in the sediment. (PL VII., 

I A, 1.) 

2. The fine darhgrwnuhd cylinders are smaller than 

I those described above. They appear under the micro- 

f Bcope as a solid plug from the more remote urinary 

tubules. They have sharj) contours, and appear, as 

[ their name implies, finely gi-anulated throughout ; they 

[ are roimded off on one or both ends like a finger, ap- 

[ peariug uniformly of the same calibre, or constricted as 

I if strangulated. They may be shaped at one end like 

I the neck of a bottle. In the granulations many modifi- 

I cations are to be observed : in some places the granules 

I are coarse, and in others the casts seem to have almost 

I lost their granulations and to have become hyaline. 

Sometimes fat-globules are mixed %vith the granulations. 

Upon the addition of acetic acid, in some eases the 

granulations disappear, so that the cylinder becomes 



■ 
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clear; in other cases this has no influence whatever. 
The color of the granulated cylinders is a pale, dirty 
grayish yellow. (PL VII., A, 2.) 

Both these forms of casts remain a long time un- 
changed in acid urine, while in alkaline they gradually 
become more indistinct and finally disappear. 

3. The hyaline cylinders are of the same size as the 
granular casts, or they may be smaller. They are some- 
times straight and sometimes curved ; the length is 
often considerable. While at times the appearance of a 
solid body is unmistakable, again they appear as very 
delicate tubes cylindricaEy formed, sometimes ribbon- 
shaped. Frequently we find spirally twisted cylinders, 
with one or more turns. (PI. VII., A, 3.) In the first 
and greater forms a distinct contour is visible, while the 
last mentioned forms are difficult to recognize from the 
surrounding medium, and under the microscope they 
only appear as a shadow. In such cases it is advisable, 
in oi-der to bring out their form, to add a drop of iodine 
dissolved in potassium iodide solution, or aniline violet, 
by means of which the cylinders appear respectively 
yellow or blue-violet, and may be better distinguished 
from the paler surroundings. They show generally no 
trace of granulation, but are perfectly transparent. 
From the narrowness of the ribbon cylindei's, they are 
supposed to come from the smaller branches of the 
urinary canals, perhaps fi'om the fine ascending loops of 
Heule. The hyaline cylinders disappear soon in alkaline 
urine. 

4. The wany cylinders are about the width of the 
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granular, perfectly clear and strongly refractive, bo that 
their contour ia as sharply defined as the triple phos- 
phates or similar clear crystals. They are straight, 
broken, or carved. Their surface is often wavy, as if 
they were made up of coalescent colloidal nodules. In 
places they show deep indentations, as if the gelatinous 
mass had yielded to pressure. They give the amyloid 
reaction, and are tougher than the other cylinders. This 
form of cylinder is of rare occurrence, and has been 
found only with amyloid degeneration and tuberculosis 
of the kiiiney. (PI. VII., A, 4.) 

5. The qiitlidicd casts and cylitukts are processes by 
which the epithelial coating of the urinary canaL^ is 
stripped as a whole from the membrana propria, and by 
the vis a tergo of the urine or of a fluid esudation is 
forced out of the tubule. These forma, which are made 
up of epithelial cells and have a lumen, we term epithe- 
lial tubtilar casts. "With these, in the same' sediment, 
we find cylinders made up of hyaline substance covered 
with epithelial cells. We may find the latter without 
the former. (PL VTI, A, 5.) 

The epithelial cells appear cloudy, are somewhat 
swollen, and show very seldom a shai'ply defined sepa- 
rating border. Often their swelling has so far advanced 
that they appear more like a homogeneous finely granu- 
lated, mass, in which the nuclei alone, separated from 
each other by regulai' distances, allow them to be recog- 
nized as epithelial cells. 

Among the epithelial cylinders there are some in 
which the coagulated interior bulges through the cover- 
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ing of epithelium ; in others the central exudate projects 
at the ends. 

6. T%e v/nc-acid cyliTiders are distinguished by their 
characteristic composition, and they are only enumerated 
with the other on account of theu' form and place of ori- 
gin. The uric-acid cylinders "occur iu the urine of nurs- 
lings who suffer from uric-acid infarction of the kidney. 
As in the urine, so also in the wash of the child we 
observe small red forma, which under the microscope 
are recognized as cylinders, made up of small granules 
of the urates, and not, as their name would denote, of 
pure uric acid. They are brown-red, show distinctly a 
coarsely granulated structure, and vary greatly as to 
size. (PL VII., A, 6.) If treated with KOH, ammonia 
is set free and the cylinders disapjaear. Besides the 
perfect cylinders, we find fragments. 

7. Cylmders of bacteria and micrococci appear only 
with interstitial suppurative nephritis, and here also 
only in those cases where the disease is complicated 
with bacterian embolism of the urinary canals {riephritis 
parasitica, Klebs). We find these cylinders of the shape 
and size of the firm fibrine cylinders. They arise from 
the same place, the tubulea of BellinL We often find 
these forked, when they coiTeepond to the junction of 
two straight tubes. They consist throughout of bac- 
teria and micrococci. Since the bacteria are in a state of 
rest, these cylinders resemble the coarse-grained gi'anular 
cylinders ; these latter, however, are much smaller and 
more delicate. By applying a high power of the micro- 
scope, confusion is not easily possible. 
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Under tlie aboTe-mentioned forms the reader will 
mise some which have been described in other books, 
but which we ouraelvea have had no opportunity of 
ng ; and we conclude that, if such forms do occur, 
' it is only very rarely. The cylinders of pue-cells must 
not be confounded with the short plugs of purulent 
matter which arise from the papillary part of the kid- 
ney and are characteristic of chronic pyelitis. Further, 
we mention cylinders of calcium oxalate and also cyl- 
inders with imbedded uric-acid crystals. It often hap- 
pens that to the cyliudei-s crystals of uric acid and 
oxalate of calcium become attached. They do not ap- 
peal- imbedded in the cylinder mass, but added after it 
has left the urinary tubules as an accidental attachment 

6. Parasites. 

In the urine a mmaber of parasitical growths may 
exist, some of «'hich are of frequent occurrence, while 
others appear more accidentally. 

The moat frequent forms which one has the oppor- 
tunity of observing are the following: 1. Bacteria; 
2, Yeast fungi ; 3. SarcinKe ; 4. Oidium lactis ; 5. Dif- 
ferently developed spores and fragments of penioUUmn 
gla/uciim. Some forms occur oftener in alkaline and 
others in acid urine, 

1. Bacteria, predominantly inhabitants of alkaline 
urine, described by some authors as a low form of ani- 
mal life, by others as a plant, being spoken of synony- 
mously as Vihrimi^s, Monades crqmsmdcB, Microzymw, 



ANALYSIS OF THE URINE. 



etc. At present it appears probable that they belong 
to the fungi and are grouped under Nageli's Scliyzoiuy- 
cetes. They aa'e very different in theij' appearance, and 
from a practical standpoint, according to A. Vogel, they 
have received various names. It is only necessary to 
remember that they ai-e fungi 

A urine which contains an appreciable amount of 
bacteria appears always cloudy. After a long time part 
falls as a sediment to the bottom without the fluid be- 
coming clear. Accoi-ding to A. Vogel, the following 
forms are to be distinguished : 

a. The monad forma. These are round punctifoi-m 
bacteria, which either remain quiet or show a quivering 
motion. One must exercise care not to confound with 
these the earthy phosphates which have a moleculai' 
movement. While the movement of a dead organism 
goes on in one place, the monad forms of bacteria 
change their position in the field. 

h. The rod forms. These ai-e very small rods, 
scai'cely the diameter of a blood-corpuscle, and im- 
measurable in thickness. Both ends are generally 
swollen and knob-formed. They are sometimes at rest 
and sometimes moving through the field. 

c. The vibriones. These are made up of the above- 
mentioned foj'ms— two or more rod-like bacteria hanging 
on to one another, moving sometimes spirally and some- 
times with a motion resembling that of a fish's tail, 
going hither and thither with great rapidity. 

d. The hair forms, or chain forms. These are long, 
often reaching across the entu'e field, and ai'e to be dis- 
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ihed only by their length from the vibriones. 
Only with a veiy high magnifying power can their 
pointed composition be recognized. They move but 
seldom, and then very sluggishly, in the manner of a 
tent. 

The zoogloa forms. These appear as masses of 
pnnctiform bacteria held together in a common gelatin- 
ous mass, resembling a precipitate of earthy phosphates 
held in mucus. 

All these fonns may be observed in the same urine, 
id often under the same cover-glasa 

2. The yeast plants {Sacchar&myces ■wHtiw), — ^These 
single vesicular cells, of the size of blood-corpuscles, 

id of somewhat oval shape. Usually, however, they 

made up of small cells arranged like a rosary, some 

the beads having two or thi'ee bud-like cells attached. 

VIII., A, 1.) This fungus appears in much less 

quantity than the bacteria, and is foimd mostly in acid 

urine on a warm day. This plant has the greatest simi- 

,ty to the yeast plant of beer (^Saccharomycen cere- 

f), without being identical. In diabetic urine this 

occurs, but more vigorously developed. 

3. Sa/TGiTiCB. — This form has the greatest similarity 
Sa/roma ventricidi, but is appreciably smaller. They 

arranged in groups of 2, 4, 8, etc., and the small 
are built up in cube form and present the ap- 
nee of a cross-bound bale of goods. (PI. VIII., 

) 

The urine in which sarcinat are found is chiefly al- 
,ine, and in the sediment we find also calcium- and 
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triple phosphate. The evacuation of sarcuije lasts for 
weeks, sometimes for months. 

4. Oidkmn lactis. — This appears in the form of long 
cella, recognized by their granules being arranged at 
regular intervals. These occur not infrequently in the 
fermenting mine of diabetes. 

5. PeniaiUmrii glaucum. — Besides the before-men- 
tioned fungi, there may exist in the mine also spores of 
this plant. In great part these exist as germs. Some- 
times they are covered with a coating of fine m-ates, 
appearing furry and brown-red, or the development is 
further advanced, and the branching forms become 
extended and make up a network of interlacing fibres. 
(PI. Vm., A, 2.) 

The spores for the evolution of all the f onns of fungi 
mentioned develop outside of the bladder. This rule, 
however, has exceptions. The sarcinEe are always ex- 
creted with the urine from tlie bladder, Sometimes 
this may be the case with bacteiia, though this may be 
explained from the use of unclean sounds or catheters. 
Cases have come to our knowledge, though very rarely, 
where there was certainty of no instrument having been 
introduced previously into the bladder or m'ethra. It is 
very difficult to ascertain whether these fonns of fungi 
have any uifluence on the reaction or fermentation of the 
urine. The small chain fungus appears not alone in 
alkahne mine, but in every case in which an albuminous 
substance becomes fetid or decomposed. We therefore 
find the same in the secretions of different ulcers, in 
ichor, and in cholera stools. 
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In thia place we may mention in passing an indica- 
tion which was formerly considered a characteristic sign 
of pregnancy. "With the name kyesteine was christened 
that membrane which forms on the sui'face of long- 
standing urine, and which consists of an interlacing net- 
work in which calcium- and triple phosphates, bacteria, 
and aometimes also animal oi-gamsms, are imbedded. It 
forma, however, upon the urine of men, and has of late 
lost its s 



Spermatozoa appear with a strong power (Hartnack, 
III., 7 =: X 330) as small rounded forms, with a longer 
or shorter hair-like tad. Seldom has one an opportunity 
of seeing them in motion in the urine. A urine which 
contains spermatozoa often shows white cloudy flakes, 
which under- the microscope are resolved into a mass of 
spermatozoa imbedded in a finely granulated substance. 
Since spermatozoa are very light, they reqtiire several 
hours to settle. After six to twelve hours we find, 
besides the floceulent lumps, also isolated seminal gran- 
ules. On account of the resisting capability of these 
i structures, they may be found in the urine after several 
days. (PI. VI., A, 3.) 

"We find spermatozoa — 

1. After coition, nocturnal pollution, etc., when a 
part of the semen remains behind in the urethra, and is 
washed out later by the urine. 

2. With epennatoiThcea 

We also observe involuntary emissions in typhus. 
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In the urine of women we find speiinatozoa after 
coition — a fact which may have great medico-legal im- 
portance. ^M 

8. Cancer Elements. 

Two different fonns of cancer elements are observed, 
though quite seldom : a. Isolated cancer-cells ; h. Pieces 
of cancer-tiasue. 

a. TIte cmwer-ceUs are variously (PL VIII., B, 1) 
and oftea quite oddly formed. They are lai'ge and for 
the most part caudate cells, with a very lai^e and often 
more than one nucleus. Sometimes we observe the so- 
called vacuoles. Care must be taken not to regard the 
caudate cells of epithelium which come from the kidney- 
pelvis as cancer-cells. The cancer-cells correspond to 
the epithelial covering of a cancerous growth, and gen- 
erally aiTse in the bladder. Only from an abundant 
appearance of these peculiar and many-formed cells can 

' we with certainty recognize a malignant growth. 

b. Fragments of villous caiicev (PI. VIII., B, 2) may 
occur in various forms in the urine sediment. We 
eitlier find the same well presei'ved, when we are able 
to distinguish the papiHary growth under the microscope 
(it seldom appears in this condition), or on the other 
hand it may be necrotic, when the diagnosis is attended 
with considerable difficulty. The well-preserved can- 
cerous tissue, under a magnifying power of 300 diame- 
ters, exhibits in its finest branches a characteristic tree- 
like formation, similar to fi-inge, which consists of a 
widened blood-vessel (Hohlkolben) covered with a 
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single layer of epittelium. It is seldom that sueli a 
beautifully formed tree can be seen under the micro- 
scope. Usually sloughed off and much altered pieces of 
tisaue only appear in the sediment, and the identification 
of these is very difficult. In the tree form the epithe- 
lium has generally undergone molecular disintegration, 
and is accompanied with bacteria; the vUlue itself is 
infiltrated with pus-corpuscles. In this molecular detri- 
tus, chiefly consisting of small flakes, we occasionally 
find forms which materially assist the diagnosis of vil- 
lous tumor. * 

Often, if we treat the necrotic cancerous tissue with 
glycerine, and sometimes when we have not done this, 
we observe beautiful crystals of hsematoldlne. They 
appear of a brown-yellow color, either in beautifully 
built small rhomboids or in small, yellow, grassy tufts. 
Such cancerous tissues, treated with fuming nitric acid 
under the microscope, show by the well-known rainbow 
play of colors the reaction of the bdiary coloring mat- 
ters. HEBmatoidine is recognized in old blood-extravasar 
tions, but in the urinary sediment it is never observed 
except as isolated crystals. If, however, we find these 
crystals imbedded in necrotic tissue, then is the di^no- 
sis of old hfiemon-hagic and necrotic tissue assured. This 
condition has up to this time been found only with vil- 
lous tumors. Hsematoidine villus occurs only in acid 
urine. 

There is yet another sort of crystals which have also 
been observed by us only in necrotic villous tissue, 
which appear only in acid urine, and may also serve as 
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an Index for tiie diagnosis. Theae are small, colorless, 
croased, aggregated leafy crystals, in dumb-bell foi-m, 
which sometimes take on a spherical shape. These are 
a very rai'e foi-m of calcixun oxalate. 

Sometimes with a low magnifj'ing power (120) we 
observe thicker and darker-colored, tube-shaped, branch- 
ing forms in necrotic flakes. These are small vessels 
which are to be seen in necrotic tissue. 

If the urine is strongly alkaline, we find the villous 
tissue so changed and incnisted with phosphates, that a 
diagnosis of it can scarcely be made. One investigation 
of the urine in theae eases is hardly sufficient for a 



9. Entmoa. 

We have not up to this time had an opportunity of 

observing entozoa, or even fragments of them, in the 
urine. According to the claims of other authors, the 
hooks of echinococci occur. We have, however, observed 
single hooks, as also a fragment of the sac of the echino- 
coccus with the adhering animal forms, in the aspirated 
fluid of a kidney-tumor (PI. VIII., A, 4) ; and it is pos- 
sible that by rupture of the same into the pelvis of the 
kidney the hooks might appear in the evacuated urine. 

In the tropics hiematuria caused by entozoa is ob- 
served. Under this head the most important form of 
entozoa is the Distoma limmatobiwm or MilJiarzia lumna- 
tobia. It penetrates most probably from the intestinal 
tract into the plexus venosus prostaticus, and there lays 
its eggs. These have an oval form, and on one end is 
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to be seen a short point. Tliej' stop np the email ves- 
sels of the mucons membrane of the bladder ; then there 
arises a bladder-catarrh with haemorrhage, and the eggs 
become excreted in the urine. In the urinary sediment 
we find small flakes in such cases, in which under the 
microscope, besides numerous blood- and pua-eorpuscles, 
are imbedded a great number of the eggs of Billmrzia 



It is hardly necessary to give a fuither description 
of accidental entozoa which have been found in the 
imne, but which have no especial significance. 

Bits of feather dusters, of wood fibre, of dried plant- 
tissue as tobacco leaf, dust, and cotton and woolen fibres 
are found in the urine. Besides this, it is hai'dly neces- 
sary to advise care as to cleapliness of the cover-glasses. . 



RECAPITULATION. 

COSCEETIONS. 

By urinary concretions we understand the hard, 
stony fonnations, which ai'e sometimes made up of nor- 
mal and at others of abnormal constituents. 

The size of these differs greatly. We find urinary 
concretions the size of the fist and larger, while some 
can only be recognized by the microscope. 

Every concrement, great or small, must allow the 

recognition of an an'angement of its molecules in layers, 

* We have to thank Dr. Baohs of Cairo for some rery beautiful preparo- 
tdona of the natural sediment of endemio hamaturb. 



• 
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Mid have a more or less rounded form. A single excep- 
tion to this rule is the cystine stone, which upon cross- 
section shows a crystalline leafy formation rather than 
layers. 

If we wish to determine the nature of the urine con- 
cretions, we must employ the aid of a lens or micro- 
scope. 

Often we find such small concretions of uric acid 
that with the unaided eye they may often be mistaken 
for the crystals of uric acid (the rosette). Just so with 
small concretions of calcium carbonate, which show dis- 
tinctly their laminations with a lens of 100 to 200 diam- 
eters. 

The small concretions come usually fi'om the kidneys, 
the larger fi'om the bladder. 

The stones are formed either of one constituent or 
of different stone-forming elements arranged in layers 
(eccentrically). The uric-acid stones consist, as a gen- 
eral rule, entirely of uric acid or its salts ; the cystine 
stone only of cystine ; while the oxalates have generally 
a kernel of uric acid and an outer phosphatic layer. 
The phosphatic stones possess uric-acid centres. 

Whether these urinary concretions are formed of but 
one or several constituents can in every case be distin- 



The best means of determining the conBtituents of 
the concretionary layers is to saw the stone in two 
halves with a bow or jeweler's saw. 

The innermost layer of the cut surface is the kernel ; 
this is from the size of a nullet-seed to that of a pea or 
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larger, aud is conti-aated better witli the suiroimdmg 
matter if the next layer is of another color. 

The kernel is the most important part of every etone. 
It alone exjjlains to us the cause which has broaght 
about the formation. If we find a uric-acid kernel in a 
phoaphatic stone, we know that the primary condition 
which influenced the stone formation was due to uric 
acid. If the kernel happens to be a fragment of a bou- • 
gie or a foreign body in the centre of a phoaphatic 
stone, we must recognize the agency of the foi-eign body 
in producing the atone. 

From a practical or surgical standpoint, stones are 
classified according to their chief constituents. Thus 
we distinguish stones of urates, oxalates, phosphates, 
and cystine. This classification has a practical impor- 
tance which is not to be underestimated ; for if the sm-- 
geon diagnoses a stone as phosphatie, he may conclude 
that it is a case for the lithotrite ; if formed of oxalates 
or ui'ates, he may conclude that the stone is very hard. 

There are frequently stones which exhibit three or 
more stone-forming constituents in their layers. It is 
more convenient to classify such stones in two groups, 
according to the character of their kernels. The first 
group includes such stones as are formed by the sedi- 
ment of acid urine. The second group includes those 
stones the kernels of which are formed by foreign 
bodies, by blood-coagula, or from the constituents of 
alkaline urine. 

This classification conforms precisely to what we 
have designated as primary and secondary stone forma- 
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tion. The primary formation is tlie building of a kernel 
out of the sedimentary constituents of acid urine. The 
secondary formation is only an incrustation of a foreign 
body or of a kidney-stone arrested in the bladder. 

The primary stone formation occurs only in the kid- 
ney ; the secondary mostly in the bladder, 

A peculiar class is formed by the so-called " meta- 
morphosed " stones, which consist of earthy phosphates, 
and form a quite homogeneous and very porous mass. 
They are always the product of a chronic suppuration 
which has lasted many years ; the sediment of acid urine 
being dissolved by the alkaline i^us, the earthy phos- 
phates are substituted. 

The primary stone formation is as a rule caused by 
uric acid, since bladder-stones for the most part have a 
kernel of that substance. 

In the investigation by Ultzmann of 545 bladder- 
stones, the kernels were found to be composed as fol- 
lows: 



Kernels of uric acid . . 


441 = 


80-92 per 


cent 


*' of calcium oxalate . 


31 = 


5-69 




" of earthy phosphates 


.47 = 


8-62 


' 


" of cystine . . . 


8 = 


1-47 


' 


Foreign bodies as kernels . 


.18 = 


3-3 


' 



Analysis of the Concretioiis. 

Every lai^e concretion must first be cut in two by 
means of a line saw. The collected sawdust is well 
mixed, and should be investigated by the methods given 
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below. By these methods we are enabled, by their 
characteristic reactions, to ascertain the principal con- 
stituent, and also to detect the Tarious elements which 
compose the layers, but not to say in what order the 
layera occur. To find the ajrangement of the layers, it 
is necessaiy to polish the smoothly sawed surface of the 
half, by rubbing for some time on a ground glass plate, 
when the different layers of the stone become distinctly 
visible. After dusting with a cloth, we may easily 
scrape aa much powder from each layer by means of a 
pen-knife as will suffice for the test. In this way every 
urinary concretion may be accurately analyzed. Per- 
haps an example may be advantageously given. 

If a bladder-stone has been sawed in half, and by the 
analysis of the dust we have found that two thirds of 
the stone consists of incombustible (inorganic) and one 
third of combustible (organic) constituents ; and also if 
we have proved the presence of uric acid, oxalic acid, 
phosphoric acid, carbonic acid, calciimi, magnesium, and 
ammonium ; furthermore, if we have polished the sawed 
surface of the stone, and recognize three distinctly sepa- 
rated and differently colored layers by means of the 
unaided eye, and find in the centre a kernel the size of a 
pea, which by analysis is found to consist only of uric 
acid, the dark-brown middle layer to consist only of cal- 
cium oxalate, and the outer white layer to be made np 
of the phosphates of calcium and magnesium, the com- 
plete analysis should be proceeded with as follows ; 

ATialysis. — Take several milligrammes of stone- 
powder and heat it carefully on a piece of platinum foil. 
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After iatense heating, obaerve whether the powder is 
entirely consumed, or whether a residue remains ; fur- 
ther, whether the powder is consumed with a visible 
flame, whether it decrepitates (oxalate of lime), or 
whether it gives ofE a characteristic odor. 

I. If the powder is entirely consumed by heat, the 
following stone constituents may be present ; Uric acid, 
urates of sodium and ammonium, xanthine, proteine, and 
cystine. 

(1.) Proteine (fibrine) bums at a red heat with a 
brilliant yellow flame, and diffuses a strong odor of 
burning feathers or hair. 

(2.) CysUne bums with a weak bluish-white flame, 
and gives off a penetrating smell like burning fat and 
sulphui". The powder is dissolved in dilute ammonia, 
and shows under the microscope, upon evaporation of 
the same, beautiful hexagonal plates. 

(3.) Xardhme by the murexide test shows an orange- 
yellow color, and bums without a visible flame. 

(4.) Uric acid and sodium and ammonium tirates 
burn without visible flame, and give with ammonia a 
beautiful red, and with KOH a beautiful violet mu- 
rexide. 

a. The urate of sodium is distinguished from the 
urate of ammonium, and from free uric acid, by the fact 
that on the foil upon which it has been heated there 
remains a light cloudiness. If a piece of red litmus 
paper is moistened with distilled water and laid upon 
this cloudy spot, a similar blue spot appears on the 
paper. This is caused by the sodium cai-bonate (or 
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canBtic soda) which has been formed by heating the 
urate of sodium. The urate of ammonium and the free 
uric acid do not give this test. 

b. The urate of ammonimn is distinguisbed from the 
free uric acid by the ao-called cold ammonia teat. This 
is accomplished as follows : Take a small test-glasa, and 
to 0'l-0-2 gramme of the powder to be tested add a few 
drops of a concentrated solution of KOH. This glass is 
then covered by a watch-glass which haa on the convex 
surface a small piece of wet red litmus paper ; if after 
a few minutes the paper becomes blue, ammonia is pres- 
ent. 

c. Free uric acid gives naturally a negative result 
with the litmus test. 

II. If the powder is partially consumed, or is un- 
altered by beat, the stone consists essentially of calcium 
and magnesium salts. Then the following constituents 
may be present ; Calcium oxalate, ammonium carbonate, 
calcium-magnesium and ammonio-magnesium phosphates. 

(1.) C'alciurn, oxalate does not effervesce upon the 
addition of a drop of HCl. By intense heat this 
powder shows a peculiar glow and decrepitates slightly. 
The oxalate of calcium is by this means transfonned into 
the carbonate of calcium ; and if now a drop of HCl is 
added there ensues a brisk effervescence. 

(2.) Calcmm carlonate effervesces upon addition of 
Hd without first heating. (By this it is distinguished 
from the oxalate.) 

(3.) Calcium, phoi^Tuites and the aTRTnonio-magnesium 
pJio^lmtes do not effervesce upon the addition of a di'op 
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of HCl, either before or after incineration. (By tMa 
they are distinguislied from the carbonate and oxalate.) 
The incinerated powder is readily soluble in HCL If 
we a^ld to this solution ammonium hydrate [(NH^)OH] 
drop by drop until the solution has become alkaline, 
there appears a white fiocculent precipitate, which con- 
sists of the amorphous basic calcium phosphate and the 
crystalline anunonio-magnesium phosphate. Under the 
microscope the triple phosphates appear in stars or 
oblique crosses, while the calcium phosphate appears 
amorjihous. Accordingly, fi'om this pi'ecipitate we may 
conclude whether the calcium-magnesium or the am- 
monio-magnesiura phosphate is predominant by the 
relative amounts of the amorjihous and crystalline pre- 
cipitates. 
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CHAPTEK IV. 

REAGENTS AND APPARATUS FOR THE APPROXIMATIVE 
DETERMINATION OF TEE CONSTITUENTS OF THE 
URINE. 

REAGENTS. 

Se^ce the physician generally procures his reagents 
from the apothecary, for the sake of convenience we 
give the prescription formulae. For these reactions it is 
best to employ glass-stoppered bottles with wide necks, 
with a capacity of 250 c.c. 

A. Adds. 

1. Acid hydrochloric, concent., c. p., 200 grms. 

. 2. Acid sulphuric, concent., c. p., 200 grms. 

3. Acid nitric, concent, c. p., 200 grms. 

4. Acid acetic, concent., c. p., 200 grms. 

-ff. Bases and Salts. 

5. Potass, caust., p., alcohol dep., 100 grms. 
Aqua dest., 200 grms. 

6. Ammon., c. pur., liquid, 100 grms. 
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7. Barii chlorat. cryst., 30 grms. 
Aqua dest., 200 grms. 
Acidi hydrochlor., 10 grms. 

8. Plumb, acet. cryst., 30 gnns. 
Aqua dest., 200 grms. 

9. Cupri sulphat., 30 grms. 
Aqua dest., 200 grms. 

10. Magnes. sulphat., ) 

C11 . :^ . ^M 30 grms. 

bal ammomac, depurat., ) 

Aqua dest., 200 grms. 

Ammon. c. pur., liquid, 50 grms. 

11. Argent, nitrat., 5 grms. 
Aqua dest., 40 grms. 

For the latter reagents a pipette is advantageous. 

12. Red and blue litmus paper in strips. 

Besides these necessary reagents, the following may 
be employed for special cases: Distilled water, ferric 
chloride, basic acetate of lead, mercuric nitrate, basic 
nitrate of bismuth (magist. bismuthi), fuming nitric acid, 
potassium nitrite, starch, chloroform, ether, alcohol, 
iodine in iodide of potassium solution, acetic acid, and 
sodium chloride. 



APPARATUS. 

1. Six test-tubes, with rack. 

2. Ten wine-glasses or small test-glasses. 

3. Cylinder glasses of 100, 200, and 300 c.c. ca- 
pacity. 



REAGENTS AND APPARATUS. 165 

4. A graduated glass. 

5. A 100 C.C. flask, with a glass tube through the 
cork. 

6. A wash-bottle for distilled water. 

7. A urinometer. 

8. A spirit lamp. 

9. Two small porcelain evaporating dishes. 

10. A ring stand with two rings. 

11. Filter paper. 

12. Four glass funnels for filtering. 

13. Glass rods. 

14. A microscope with appurtenances. 

15. A large beaker of 3,000 to 4,000 c.c. capacity. 

For special cases we must have watch-glasses, beaker- 
glasses, and pipettes ; and for quantitative examination, 
a delicate pair of scales. 
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CHAPTER V. 

QUANTITATIVE DETERMINATION OF A FEW OF TEE 
CONSTITUENTS OF THE URINE, 

As a first step toward the quantitative investigation, 
the entire mass of the excreted urine must be collected 
for a given time. Usually the amount for twenty-four 
hours is collected, but it must be observed that before a 
stool one should urinate, that none be lost by being 
mixed with the faeces. It is inadmissible to attempt to 
determine the amount for twenty-four hours from the 
quantity collected in one hour (p. 32). 

The urine should be collected in graduated cylinders. 
For large amounts one may graduate a vessel himself. 
Take a flask containing 1 litre *of water at 15° C, 
and pour into the cylinder to be graduated, making a 
mark on the glass at the surface of the fluid, repeating 
this as often as necessary. 

If one desires to ascertain the mean amount of the 
urine excreted by an individual, the total amount should 
be collected for several days, and the quantity be di- 
vided by the number of days. 
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L iSTEUATION OF THE DEGEEE OF ACIDITY. 

In order to ascertain the degree of acidity of the 
urine, we add Na OH to the same until it reaches the 
point of neutralization, and then compute how much 
acid (we usually employ oxalic) ia required to neutral- 
ize the quantity of aodium hydi'ate used. 

a. VohmwtHc Sokition. 

We employ a one-tenth Na OH solution, which in 
1 C.C. contains O-OOSl grm. NajO, which is sufficient to 
neutralize 0-0063 grm. of crystallized oxalic acid. If 
we employ normal sodium hydrate, we add 10 times its 
volume of distilled water. (Description of normal 
aodium hydrate, Mohi-, " Titrirmethode," Ith edition, 
p. 83.) 

b. Mcample. 

"We pour exactly 100 c.e. of urine into a beaker^lass, 
and add while stirring the sodimn-hydrate solution drop 
by drop from a burette, until a drop of the urine on red 
litmua paper shows no blue and on blue htmus paper no 
red spot. The number of c.c. of Na OH added (say 14) 
we multiply by 0'0063, and the product (0-0882 grm.) 
shows the acidity of 100 c.c. of ui-ine esj)ressed in crys- 
tallized oxalic acid. 

n. ESTEtfATION OF THE SOLID MATTEES. 

In order to estimate the solid matters, we take 10 c.c. 
of urine in a weighed porcelain dish, and evaporate on 
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a water-bath to (lr}'nesa. It should then be kept for an 
hour in a dr}'mg chamber at 100% and then allowed to 
coo] in a desiccator. We now weigh and replace the 
dish in the drying chamber, weighing again at the ex- 
|)iration of an hour after cooling as before, repeating 
this until there is no variation in weight. The differ- 
ence of weight between the empty dish and that con- 
taining the solids is the weight of the solid matters in 
10 c.c. of the urine. Unfortunately, the result is always 
too small, for the action of the acid sodium phosphate 
on the urea at this temperature decomposes the latter, 
and ammonia and carbonic acid are diiven off at the 
same time with the water. 

It is seldom that the physician employs this means 
for the investigation of the amount of solids, for by 
using Haser's or Trop's coefBcients as satisfactory resiUti 
are obtained, at least for him. (See p. 35.) 
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1. B(m^ta solution,. — One volume of a cold saturated 
solution of barium nitrate is mixed with two volumes 
of a cold saturated barium hydrate solution. 

2. Vohmwiric mercuric reagent. — This is a solution 
of mercuric nitrate (in which there must be no basic 
salt or mercurous compound), of such concentration that 
in 1,000 c.c. of the solution 71"48 gims. of pure mercury 
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or 77'2 grms. of pure mercuric oxide (dried at 100°) are 
contained. (See Neubauer <fe Vogel, 1, c, 183 ; Mokr, 
1. c, 48, 1.) 

3, Sodium carbmiate solutian.—Foi- Kaudeubei^'a 
modification we employ sodimn-liydrogen carbonate. 



h. Method of Proc&hnre. 

We take up 40 cc, of urine in a pipette, and add 
20 cc. of the baryta eolutiou. Here, as in all otber 
cases of quantitative work, tie greatest care must be 
exercised. In tbe pipette there should be no foam, and 
one should read the division mark on the pipette which 
corresponds to the edge of the meniscus. We must be 
especially careful that none of the fluid be lost. If we 
have treated the urine with the baryta solution, the pre- 
cipitate of phosphates and sulphates which has sepa- 
rated should after some time be filtered off, using a dry 
filter-papei- and allowing the fluid to run through into 
a dry beaker. The filtrate is therefoi'e one third baryta 
solution and two thirds urine from which the sulphates 
and phosphates have been removed. We now take 
15 cc. of this cleai- fluid by using a pipette, and allow 
it to flow into a dry glass vessel. This contains 10 c.e. 
of urine. Now, from a burette filled precisely to the 
zero point with the mercmic nitrate mixture, we add 
about as many cubic centimetres of the mixture as are 
denoted by the last two figures of the specific gravity of 
the urine (i. e., 15 cc if the specific gravity is I'OIS), 
and try whether the limit has been reached. For this 
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purpose we place a drop of the well-atirred mlxtui-e by 
means of a clean glass rod on a glazed white porcelain 
plate, and in the centre of this drop add a small drop of 
a concentrated solution of sodium carbonate. If there 
occurs at the rim of contact of the fluids no rusty brown 
zone, we proceed to add more of the mercuric nitrate 
solution. If, however, even a faint rusty brown ring 
occurs, we know that the limit has been reached. 

The first effect of the addition of the mereuric 
nitrate is an exchange of bases with the alkaline 
chlorides present, forming Hg Cl^ (corrosive sublimate) 
and an alkaline nitrate. The chlorides having been 
thus disposed of, the excess of mercuric nitrate com- 
bines with the urea, forming 2C0 H, Ng, Nj 0^, 4HgO, 
which is a white precipitate. This precipitate dissolves 
to some extent in a slight excess of acid, from which it 
may be brought down white by rendering the solution 
neutral, on adding sodic carbonate. As soon, however, 
as the urea is all satisfied, a further addition of the mer- 
curic compound remains in the solution, and then gives 
a yellowish or brownish precipitate of basic mercury 
salt on neutralizing with the sodic carbonate, and the 
end of the reaction is indicated. Since the presence of 
chlorides deprives the mercuric nitrate of its power to 
precipitate the lu'ea, the determination is inaccurate in 
so far as chlorides are present. For that reason the 
mercury solution is made a little stronger than the 
theory requires. If the urine contains 1 to \\ per cent. 
of sodium chloride,* 9 c.c of the mercury solution must 
be subtracted from the amoxmt used to give approxi- 
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mately accurate resiilts, assuming that 15 e,c. of the 
urine is used.* The property which the chlorides pos- 
sess of destroying the precipitating power of mercuric 
nitrate upon the urea may be used to determine the 
amount of chlorides pre8ent.+ 

When the mercuric-nitrate solution has been added 
in sufficient quantity, we allow the burette to stand for 
several minutes, and then read off how many cubic cen- 
timetres had been used. 

The reagent is so compounded that 1 cc. of the solu- 
tion satisfies 10 nulligrammes of urea. If we have em- 
ployed 20 cc. of the reagent, then is 1 cc. : 10 mil- 
ligr. : ; 30 cc : m (= 200 nuHigr.). Consequently, if 
we have used 20 cc. of the mercuric reagent, then must 
200 milligr. of urea have been present, which has en- 
tered into combination with the mercury. This was 
contained in the 1 5 cc of the urine and barj-ta mixture 
(which contained 10 cc of urine). We have therefore 
as a consequence : 

In 10 cc of urine are 200 milligr. of urea ; so in 
1,250 cc (the amount for twfenty-four hours) we have 
10 : 200 : : 1250: x ( = 25,000 milligi-.^ 25 grms.). 

1. Since the mercuric reagent is intended for a 2 per 
cent, urea solution, we only obtain exact results when 
to 15 cc of a 2 per cent, urea solution we add exactly 
30 Q..(i. of the reagent; for 1 cc satiafles exactly 10 mil- 
ligr. of urea. 

Each cc of the reagent requires 72 milligr. of HgO, 

* Nenbauer and Vogel, second edition, 1S56, p. 10(1. 
t Nenbaner and Yogel, p. 94. 



\ 



ANALYSIS OF THE URINE. 



according to tlie computation, in order to combine with 
10 miUigr. of urea. In addition, however, a certain 
exceea of HgO ia necessary for the final reaction. Ac- 
cording to Liebig's calculations, this amounts per c.c. 
to 5'2 miUigr. J hence in 30 c,c. we have 30 X 5*2^ 
156 milligr, (excess of HgO). If we have added to 
15 C.C. of the 2 per cent, ui'ea solution 30 c.c. of the 
volumetric recent, then the mass of the mixture con- 
sists of 45 cc, which contains 156 miUigr. of excess of 
HgO ; that is to say, each cc. contains 156 -;- 45 ^ 3-46 
milligr. Therefore for a distinct final reaction every c.c. 
of the mixture must contain 3'46 milligr, of HgO. 

If 15 c.c. of the urea solution contains 3-3 per cent, 
of urea, this would require 52'5 cc. of the volumetric 
mercuric reagent. The mixture consists of 15 -\~ 52*5 :^ 
67"5 cc In the-52'5 cc. of the volumetric reagent are 
52-5 X 5'2 1=273 milligr. of excess of HgO; hence in 
every cc there are 4-04 milligr. The final reaction 
occurs, however, with 3-46 milligr. In this case we have 
consequently 0'58 milligr. per c.c. too much fi'ee HgO. 
Therefore the final I'eaction would occur sooner. 

If, on the contrary, the solution contained but 1 per 
cent, of urea, we wotdd have an eiTor in the opposite 
direction. 

In order to eliminate both errors we proceed as fol- 
lows : 

(fl.) If more than 30 cc. of the volumetric reagent 
have been Employed, before the sodium carbonate test 
we must add one half as many cc. of water, as the ex- 
cess in cc of the volumetric mercuric reagent we have 
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employed ; ie., having used, 52-5 c.c. of tlie reagent, we 
add 2:5iz5? ^=^ n c.c. of water to the mixture before the 
Boda test 

(i.) If less than 30 c.c. of the fluid have beeo em- 
ployed, for every 5 c.c less than 30 we must deduct O'l 
c,e. from the amount used. For example, we have used 
20 c.e. (10 C.C. less) ; consequently, we employ 30 — 0'2 
^19"8 c.c. in the computation. 

2. If the uiine contains from 1 to 1-5 per cent. Na CI, 
a greater quantity of the volumetric mercuric reagent 
is required. If without coirection we estimate the 
urea, we find the quantity (15 to 25 miUigr.) too great. 
In order to correct this error^ we subtract 2 c.c. from 
the amount of the volumetric mercuric recent used. 
For example, if we have employed 30 c.e. of the reagent, 
30 — 2 ^ 28 c,c. must be used in the computation of 
urea. 

If the absolute amount of urea alone concerns us, 
without considering it relatively, we must either preci- 
pitate the Na CI by means of a nitrate of silver solution 
or by Rantenberg's jnethod. For thia we take two 
samples of urine 15 cc. each, and render one weakly 
acid with HNOa. We then drop in the volumetric mer- 
curic reagent until a permanent turbidity ensues. Then 
we note the number of c.c. we have employed, and then 
with the other sample make a determination of the 
amount of urea after Liebig's method. The mixture, 
however, must be made neutral by addition of freshly 
precipitated calcium carbonate. For the final reaction 
we employ, instead of the soda solution, sodium-hydro- 



174 AlffALTSI3 OF THE URINE. 

gen carbonate in water (see p. 169). From the number 
of c.c. we have employed in the last test we subtract the 
number used in first sample, and from their difference 
we estimate the urea. If in the first sample we used 1-5 
C.C. and in the second 31 cc, we then employ in the de- 
termination 31 — 1-5 = 29*5 cc. 

3. If albumen is present in the urine, a stoppered 
flask of 200 cc. capacity should be employed, and the 
ui-ine after the addition of a few drops of acetic acid 
should be heated until the albumen has separated in 
flakes from the clear urine. After cloaing the flask and 
allowing it to cool, the filtrate should be used in the 
usual manner. 



2. Sunsen^s Method (Bunge). 

This is only applicable to urines free fiom albumen 
and sugar. By it 50 cc. of urine are treated mth 25 
cc. of a saturated ammoniacal barium-chloride solution, 
and filtered through a thick filter-paper ; then 15 cc. of 
the mixture (containing 10 cc of urine) are poured into 
a thick-walled tube so that the sides are not sprinkled 
by the mixture. At the bottom of the closed tube have 
been placed about 3 grms. of crystallized chloride of 
barium. After the urine has been added, the tube 
should be sealed about three fingers above the fluid. 
The tube is now placed in an od-batli and heated for six 
hours at a temperature of 220° to 240°. After cooling, 
the point of the tube is broken off, and the resulting 
barium carbonate is placed upon a filter and carefully 
washed, then dissolved in a proper amount of HCl. 
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I Should some of the barliun carbonate, after the washing 
I of the tube with water, still adhere to the aidea, it should 
[ be dissolved by a drop or two of HCL The united solu- 
' tiona are then filtered^ and the filtrate is precipitated 
with HjSOj. After some time the precipitated barium 
sulphate is collected on a filter, washed, heated to red- 
, neaa, and weighed. 

Since 233 grms. of barium sulphate correspond to, 60 
Igrms. of urea, the weight of the urea may be estimated 
\hj a simple calculation. 



, Knop-Huf -Iter's Method. 



1. Knop's fluid (hypobromite of sodium). In 250 
Ice. of water 100 grms. of caustic soda are dissolved, and 
■after cooling 25 c,c. of bromine are added. This should 
I "be freshly prepared. 

2. Cold saturated chloride of sodium solution. 



b. Mode of Procedwre. 

The lower bulb and stopcock of Hiifuer's apparatus 
I (the capacity haviug been accurately determined) are 
[ filled with a mixture of 10 c.c. of urine diluted with 
I 40 C.C. of water. The cock is then closed, no bubbles 
I being allowed to remain. The second and lai'ger bulb, 
f connected by means of the stopcock with the lower 
I "bulb and opening above into the basin, ia now washed 
I with water and filled with Knop's fluid, diluted with an 
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equal volume of water. Tte basin ia then sufficiently 
filled with the sodium-chloride aolution, and the eudi- 
ometer filled with water is inverted, the mouth below 
the Biirface of the sodium chloride solution in the basin, 
and placed over the narrowed neck of the second bulb, 
being retained in this position by the clamp above. 
The stopcock is then turned, and for a few minutes a 
violent evolution of gas is observed. After an hour the 
eudiometer may be withdrawn and the amount of the 
contained nitrogen estimated by Dumas'a method. One 
gramme of urea furnishes 370 c.c. of nitrogen, at 0° C. 
and under 760 mm. pressure. 

IV. DETERMINATION OF UKIC ACID. I 

To 300 c.c. of urine are added 10 c.c. of HCl; the 
mixture is stirred briskly with a glass rod and allowed 
to stand forty-eight hours ina cool place. If the urine 
contains albumen, it should be removed by the method 
given on p. 174, If it contains sugar, 500 c.c. should be 
treated with mercuric acetate, and the precipitate washed 
upon the filter, then suspended in a little water and 
treated with hydrogen sulphide. The mercuric sul- 
phide is then washed Avith warm water, and the united 
wash-waters and filtrate treated with HCl, 

The separated uric-acid crystals should be collected 
on a weighed filter-paper which haa been washed with 
HCl and water and dried between two watch-glasses at 
a temperature of 100° C. 

By collecting the uric acid the work is essentially 
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lightened. The crystals lie mostly on the bottom of the 
glass ; a part, however, adhere to the walls, and a few of 
the smallest float on the sui-face. Since the uric-acid 
crystals have a high specific gravity, they precipitate 
very quickly (after one to two minutes). Those cling- 
ing on the side walls may be disturbed by means of 
a goose-feather clipped except at the end. The dis- 
engaged cxyetals settle very quietly, bo that one may 
easily decant the clear fluid above into another cylinder, 
and bring the remaining fluid and the precipitate upon 
a email filter. Should any of the crystals go over with 
the decanted fluid, they quietly settle, and may be saved 
and brought upon the filter by decanting again. We 
decant in this way until no more crystals remain in the 
mine. If the crystals are very small, recourse must be 
had to filtration. 

The crystals are then washed with water until 
Ag NOa no longer rendera the filtrate cloudy. It is a 
good precaution not to employ more than 30 c.c. of 
water; otherwise some of the uric acid vpill be dis- 
solved. If more than 30 c.c. is used, for each c.c. one 
must add 0-045 milligr. to the amount of uric acid deter- 
mined. 

When the uric acid has been washed, it should be 
dried for several hours between watch-glasses at 100° C, 
then cooled in a desiccator and weighed. 

The difference between the weight of the watch- 
glasses when empty and when containing the uric acid 
gives the weight of the urea contained in 300 c.c. of 
urine. 
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Scliwanert recommends as a correction, for every 
100 C.C. of urine, 0*0048 grm. to be added. 



DETEEMINATION OF CREATININE. 



1. Chloride of zinc solution. Pure zinc oxide is dis- 
solved in pure HCl, and tlie solution evaporated on a 
water-batli (untU no fi'ee HCl is present) to a thick 
sirup. This is dissolved in strong alcohol, and the 
solution diluted until it has a specific gravity = l^SOO. 

2. Milk of lime, which is stirred up before using. 

3. Diluted chloride of calcium solution. 



b. Mode of Procedure. 

We render 200 c.c. of urine alkaline with milk of 
lime, and add diluted chloride of calcium solution as 
long as a precipitate forms. After two hours we filter 
and wash the residue, then quickly evaporate the wash- 
water and filtrate on a water-bath to a thick sirup. 
While it is yet warm, 50 c.c. of 95 per cent, alcohol are 
added to the mixture, and the same is transferi'ed to a 
beaker-glass— washing the dish with a little alcohol — 
and allowed to stand for eight hours. Then the mis- 
ture is filtered through a small filter and the residue 
washed with more alcohol. The united filtrates are 
then evaporated down to 60 c.c. After cooling, -^ c.c. 
of the above-mentioned chloride of zinc solution is 
added, and the mixture stirred briskly with a glass rod 
until turbidity occurs. It is then allowed to stand 
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forty-eight hours in a cool place. We now collect the 
separated creatinine chloride of zinc on a small filter, 
and weigh after washing (as by the described method 
for viric acid). In 100 parts of creatinine chloride of 
zinc are 63'44 pai^ta of creatinine. 

VI. DETERMINATION OF THE TOTAL AMOUNT OF KITEO- 
GEN. 

The chief amount of nitrogen in the urine is con- 
tained in the urea, and since, in Liebig's method for the 
separation of the same, other bodies containing nitrogen 
fall in connection with the urea, so in the greater num- 
ber of observations the amount of nitrogen present may 
be calculated approximatively from Liebig's determinar 
tion of urea. 



1. Freshly calcined soda-lime. 

2. Normal sulphuric acid, which contains 40 grms. 
of anhydrous acid in every litre. Each c.c. corresponds 
to 0-014 grm. of nitrogen. (" Daratellung," Neubauer 
and Vogel, 1. c, p. 246 ; Mohr, 1. c, p. 74.) 

3. Sodium hydrate, which is an equivalent of the 
HjS04; i. e., 10 c.c. of the one must exactly neutralize 
10 C.C. of the other. 

4. Tincture of litmus. 



h. Mods of Procedwre. 
Pour 20 c.c. of normal H2SO4 carefully into a Var- 
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rentrapp and Wills' nitrogen bulb apparatus. In a 
strong flask of 100 c.e. capacity, containing a layer of 
soda-lime 2 c.c. tliick, is poured 5 c.c. of uriue, and the 
flask quickly closed with a double-perforated stopper 
and buried to the neck in a sand-bath. Through one of 
the perforations a tube leads to the nitrogen apparatus, 
and the other is supplied with a finely drawn-out sealed 
glass tube. The eand-bath is heated as long as bubbles 
pass through the nitrogen apparatus. When these cease 
the end of the glass tube is broken off, and all the am- 
monia is drawn from the flask by careful aspiration. 
Now pour the contents of the nitrogen apparatus into a 
beaker-glass, wash well with water, add a few drops of 
litmus tincture, and then add the sodium-hydrate solu- 
tion from a burette until the red color changes to 
blue. 

If no ammonia bad been generated by the distillation 
of the mine, 20 c.c. of the sodium hydrate would have 
to be added to neutralize the 20 c.c, of 11^804. If 14 
cc. is however found to be sufficient, we know that 6 
C.C. of HiSOi have been satisfied by the ammonia foi-med. 
Since 1 cc. of the acid coiTesponds to 0"014 grm. of 
nitrogen, then the total amount of nitrogen which has 
gone to form ammonia would be 6 + 0*014 ^0-084 grm. 
This would be given off by 5 cc. of urine. Hence, if 
we had employed the whole amount of urine excreted 
in twenty-four hours (say 1,5Q0 cc), we would have the 
amount indicated in the proportion 5 : 0'084 :: 1,500 : x, 
= 25'2 grms. which is the total amoimt of nitrogen ex- 
creted in twenty-four hours. 
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Vn. DETEEMINATION OF ALBTJMEN. 

Pour into a beaker-glass 100 c.c. of filtered urine if a 
slight amount of albumen is present, or 50 c.c. if a mod- 
ferate amount is present, or 20 c.c. if rich m albumen. 
In the aecond case add 50 cCy and in the last 80 e.c of 
water, aad heat for half an hour on a water-bath. 
Should the albumen not have separated In lai^e flakes, 
then one or two drops of acetic ticid should be added 
and the heat again applied. As soon as the fluid has 
become clear it should be filtered through a small plaited 
filter-paper which has been previously weighed (see uric 
acid determination, page 176), taking care that all the 
coagala should be brought upon the filter, if necessary 
by the aid of a feather, and the beaker washed with hot 
water. Then the coagulated albumen should be washed 
into the point of the filter, and further washed with hot 
water until chlorides can no longer be detected in the 
filtrate by the AgNOs test. Then dry between watch- 
glasses at 100° until no loss of weight is observed. The 
determination of the total amount excreted in twenty- 
four hours is easily calculated from this. 

If one has a good polarizing apparatus, the amount 
of albiunen may be easUy determined, pi-ovided no 
sugar is present. 



Vin. DETERMINATION OF SUGAB. 

1. FehUng's Method, 
a. Volvmetric Soluticm. 
Tehling's solution. In 1,000 c.c. there are 30-639 
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gi-ms. of cupric sulphate, 173 grma. of pure crystalline 
tarti'ate of sodium and potassium, and 500 grms. of 
caustic Boda solution of sp. gr. 1'12. ("Darstellung," 
Neubauer and Vogel, 1. c, 2(J6.) Of thJs solution 10 c.c. 
ai'e reduced by 0*05 grm. of sugar. 



h. Mode of Procedure. 

The determination depends upon the property that 
grape sugar possesses of reducing the cupiic sulphate in 
the presence of an alkali. For this investigation a small 
amount of filtered mine is taken which has been largely 
diluted with water, unless it has previously been ascer- 
tained that only traces of sugar are present. Usually 
10 c.c, of urine and 190 c.c. of water are employed. A 
burette is filled with this mixture exactly to the zero 
mark. Then 10 c.c. of Fehling's solution are poured 
into a flask or porcelain dish and diluted with 40 c.e. of 
water, then heated over a flame, having previously pro- 
tected the flask with a piece of wire gauze. As soon 
as the copper solution begins to boil, the urine is added 
drop by drop from the burette. Soon the fluid becomes 
yellow, then red, and finally the last trace of the blue 
color disappears, and the red suboxide of copper rapidly 
subsides when the source of heat is removed. If allowed 
to stand for some time, the originally blue solution is 
seen to be colorless, or slightly yellow if more urine has 
been added than was necessary for the reduction of the 
copper. The entire loss of color of the fluid is conse- 
quently the limiting point of the reaction. 
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Since with the unaided eye it is not easy to deter- 
mine when the fluid is colorless and inclined not to any 
tint whatsoever, it is advantageous to pass a few drops 
of the fluid through a small filter and divide the filtrate 
into two parts, one of which after acidifying with acetic 
acid is tested for copper with ferrocyanide of potassium, 
and the other with Fehling's solution for sugar. If by 
this method we obtain no reaction for either copper or 
sugar, neither is present in excess, and consequently the 
limiting point of the reaction has been reached. 

In the determination of the amount of sugar, the 
quantity of urine employed must be known. K 25 c,c. 
of the urine mixture were necessary to reduce 10 c.c. of 
Fehling's solution, the urine mixture being so made up 
that in 200 c.c, of it there were contained 10 c.c. of urine 
(the remainder water), then if a; :r^ amount of urine in 
25 c.c. of the urine mixture (the amount employed), we 
would have 200 : 10 ; : 25 : tc ^ 1'25 c.c. of urine. 

In this case 1*25 c.c, of the urine was necessary to 
reduce 10 c.c. of Fehling's solution. Now this solution 
Ib 80 constituted that for the complete reduction of 
10 CO. of the same it is necessary to have 50 milligr. 
of sugar. Since, however, 1-25 c.c. of the urine has 
efEected this reduction, it is certain that this quantity 
must have contained 50 milligr. of grape sugar. Hence 
it is easy to calculate, the sugar in the entire amount for 
the twenty-four hours. 

If, for example, a diabetic patient had excreted 
5,000 C.C. of urine, we would have 1-25 c.c. : 50 milligr. 
: : 5,000 c.c. : x = 200,000 milligr., or 200 gi-ms. of sugar. 
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If albumen is present, it must be separated before- 
hand in the usual manner. 



2. Kiicvpp's Method. 

',. Volumetric Solution. 
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Ten grme. of pure dried mercuric cyanide are dis- 
solved in some water; 100 c.c. of Bodium hytlrate (sp. 
gr. 1*145) are added, and the whole diluted to 1,000 c.c. ; 
40 cc of this solution are reduced by 100 milligr. of 
engar. 

b. Mode of Procedtbre. 

Forty cc, of the volumetiic solution are heated in a 
beaker-glass, and urine added as in Fehling's method 
until the oiiginally tm-bid mixture becomes clear and 
yellowish. From time to time a drop of this is thrown 
on a filter paper and touched with a rod dipped in am- 
monium sulphate. As soon as the spot no longer shows 
a brown edge, the reaction is complete. The method 
does not give quite as accurate results aa Fehling's. 

The fermentation method is more complicated and 
unreliable than Fehling's. Very exact results are ob- 
tained by Soleil-Ventzke's saccharimeter or Wild's po- 
laristrobometer. 



DETEEMUfATION OF CHLORDJE. 

1. MoTir's Method. 



^ 



1. Cold saturated solution of neutral chromate of 
potassium. 



hromate of j 
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2. Volumetric nitrate of silver eolution, which con- 
tains in the litre 29'075 giiiia, of nitrate of silver (18'469 
grma Ag), so tliat 1 c.c. of the same corresponds to 10 
milligr. of sodimn chloride {= 6-065 milligr. chlorine). 
(Neubauer and Vogel, L c, 194,) 

3. Calcium carbonate, freshly prepared. 



Tenc 



h. Mode of Prooedwre. 
:. of urine are poured into a platinum cradble, 



and 2 grms. of potassium nitrate free from chlorine are 
added, and the fluid evaporated on a water-bath to diy- 
nesa. Heat the residue first gently, then intensely, over 
a Bunaen's burner, until the fused mass contains no car- 
bon (ia white). The slag is dissolved in water and the 
dish carefully washed. Solution and wash-water are 
put in a beaker and treated carefully with a much 
diluted nitric acid, free from chlorine, until the fluid 
possesses a weakly acid reaction, which is again neutral- 
ized by freshly precipitated calcium carbonate. With- 
out regard to the sediment, three drops of the potassium- 
chromate solution are added, and the volumetric fluid 
then allowed to run in from a burette. As soon as the 
yellowish solution becomes reddish, it is a sign that 
all the chloride of sodium has been changed to silver 
chloride, and the formation of the red silver chromate 
begins. At this point the reaction is complete. 

If to 10 C.C. of urine employed 9'6 c.c. of the volu- 
metric solution has been added, since 1 c.c. of the same 
corresponds to 10 milligr. of Na CI, 9'6 cc. shows 96 
milligr. of chloride of sodium. 
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If in 10 ce. of urine 96 milligr. of Na CI are con- 
tained, then in the twenty-four Lours' amount, i, e., 
1,400 C.C., we would have 10 : 96 : : 1,400 : x = 13-44 
grms., of Na CI in the amount for twenty-four hours. 

Should the patient have taken an iodine or bromine 
preparation previous to the investigation, this will 
quietly pass into the urine. In order to correet the 
disturbance from this cause, the solution of the slag is 
acidified with HNOb, and a few drops of a solution of 
potassium nitrite are added in order to make certain the 
separation of the iodine. It is then shaken up with 
carbon disulphide until this no longer takes up iodine 
(or bromine) ; the solution is then neutralized with 
sodium carbonate, evaporated, and treated as above. 
(Salkowsld.) 

Falck'a method is founded upon the precipitability 
of sulphf)-cyanates, and the property of deprivation 
of color which AgNog has over the red ferric sulpho- 
cyanate. 
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1. Sodium-acetate solution : 100 grms. of acetate 
sodium are dissolved in 900 c.c. of water, and to that 
solution 100 c.c. of acetic acid are added. 

2. Uranium nitrate solution, 1,000 c.c. of which 
must contain 20'3 grms. of pure uranic oxide : 1 c.c. 
corresponds to 5 milligr. of phosphoric acid. (Neu- 
bauer and Vogel, 1. c, 199.) 

3. Ferrocyanide of potassium solution. 



A 
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h. Mods of Procedure. 

Fifty c.e. of the imne to be investigated are poured 
into a beaker-glass and 5 c.c. of the sodium-acetate solu- 
tion are added. This mixture is then warmed on a 
water-bath. When the urine is warm, the uranium 
solution is added drop by drop as long as a precipitate 
is observed. If this can not be recognized with cer- 
tainty, the mixture must be stirred up, a drop brought 
upon a porcelain plate, and a drop of a very dilute solu- 
tion of potassium ferrocyanide added. If a brownish- 
red color appears at the line of contact, the addition of 
the uranium solution must be discontinued, and the dish 
placed again on the water-bath until the mixture sim- 
mers. Then we try again whether the limit of the 
reaction has been reached ; usually this is not the case, 
BO the uranium solution is dropped in until the end of 
the reaction is reached. The limit of the reaction occurs 
when aU the phosphoric acid has been precipitated by 
the uranium solution. After this condition is reached, 
the next drop of the uranium solution, finding no phos- 
phoric acid, forms a brown precipitate with the ferro- 
cyanide of potassium. 

If we have used 13 c.c. of the uranium solution, 
then, since 1 c.c. of this satisfies 5 mUligi". of phosphoric 
acid, we have the proportion, 1:5 : : 13 : ic = 65 milligi". 
The 65 milligr. are contained in 50 c.c. of urine; hence 
for the entire phosphoric acid in the twenty-four hours' 
amount we have the proportion, 50 : 65 ; : 1,300 : x = 
1,690 milligr., or 1.69 grm. phosphoric acid. 
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If we wish to determine the phosphoric acid in com- 
binaticn with the earths, 200 e.c. of urine are precipitated 
with ammonia and collected after twelve hours on a 
filter, and washed with ammonia water (1 part ammonia 
and 3 parts water). The filter is then broken at the 
point, and the precipitate washed down with a stream 
of water from a waah-bottle into a beaker-glass, and dis- 
solved while warm with as little as possible of acetic 
acid. Add 5 c.c. of sodium-acetate solution, diluted to 
50 cc, and proceed as above. 

Of course the difference between the total amount 
of phosphoric acid and the amount in combination with 
the alkaline earths will be the quantity combined with 
the alkalies (K.Na and NH^). 

XL DETERMINATION OF BULPHTJEIC ACID. 

One hundred cc. of urine are heated mth chloride 
of barium solution after acidification with HCl, and the 
precipitate of barium sulphate is brought upon a small 
filter-paper, the weight of whose ash is known, and 
washed until the filtrate gives no baryta reaction. Then 
the filter-paper and precipitate are incinerated in a plati- 
num crucible, moistened with a few drops of sulphuric \ 
acid, and again heated to redness. After cooling under 
a desiccator the mass is weighed. If the weight of the 
crucible and the ash of the filter is subtracted from the 
total weight., we have the weight of the barium sul- 
phate, from which the weight of the HaSO^ may be 
easily calculated, since in 100 weighed parts of barium 
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sulphate are contained 34-33 parts of sulphuric acid 

(SO,). 

The amount of sulphuric acid may be determined 
volmnetrically, although this method is attended with 
much complication and is seldom employed. 

For the seldom used quantitative determination of 
the alkalies and alkali-earths, of indican, ammonia, biliary 
acids, and iodine, the works of Neubauer and Vogel, 
Hoppe-Seyler, etc., may be consulted. 



CHAPTER VI. 

KEY TO THE APPROXIMATIVE ANALYSIS OF URIKE. 

After the urine has been allowed to stand for an 
hour, its physical chara^^teristics should first be observed. 

1. The twenty-four hours' amount. 

2. Color and transparency. 

3. Odor. 

4. Reaction upon litmus. 

5. Specific gravity. 

6. Quantity of the sediment. 

If a sediment has formed, the urine must be poured 
off and made use of for the several chemical tests. If 
the urine is quite cloudy, it should be filtered ; should 
it not then be quite clear, it may be advantageous to 
warm it slightly to render it so. The sediment is set 
aside for analysis. 

CHEMICAL LNVESTTGATTON. 

A. Nitric Acid. 

Take about 15 c.c. of clear urine in a wine-glass, and 
pour down the side of the glass a sub-layer of pure 
nitric acid (HNOg). We find by this — 



KEY TO APPROXIMATIVE ANALYSIS. 191 

1. Albumen (p. 83) ; 

2. Urates (p. 56) ; 

3. Biliary eoloring matters (p. 105); 

4. Indican (p. 61). 

K the urine contains much iodine, the zone between 
the fluids is colored a brilliant yellow-brown. The odor 
of iodine is perceived distinctly (p. 114). 

If but small amounts of these matters are present, 
they appear only after a few minutes. It is well to set 
the glass aside, while proceeding with the following test. 

B. Heat Test. 

Fill a test-tube one third full of clear urine, and heat 

I over a spirit lamp. If a turbidity arises, then it contains 
either alhwmen or the earthy pho^hates, which are preci- 
pitated by heat. Add now one or two drops of acetic 
acid : the earthy phosphates will be dissolved, but the 
albumen remains. Add now potassium hydrate in vol- 
ume equal to one half that of the urine in the tube : the 
albumen will go into solution, and the earthy phosphates 
win precipitate in small flakes. Heat the mixture again : 
' it becomes brown, sugar is present. If it does not 
)ecome brown by boiling, set the tube aside in order to 
How the phosphates to settle, that their amount and 
■color may be noted. 

The earthy phosphates of normal urine are white. 
L If they appear colored, the urine may contain various 
^coloring matters ; if blood-red or dichroic, blood-coloring 
I maUe}-s are present. As a confirmation of this, albumen 
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must be present, and the erystak of hsBmine should be 
tested for in tlie sediment of the urine which forms 
natiirally, micro-chemically, or from the albumen coagu- 
lum tinged by the coloring matters, by means of the 
same test (p. 102), Also under the microscope we 
almost always find blood-corpuscles in the urine sedi- 
ment. 

If the earthy phosphates appear rose-red, and there 
is no albumen present, plantrcolori/iig rtiaU.ers are indi- 
cated (p. 100), especially after the internal use of 
rhubarb and senna. As a confirmatory test we add 
ammonia to the raw urine : a reddish color appears, 
which vanishes on addition of acid. • 

If the earthy phosphates appear a dirty gray, usually 
itToei-ythrine (p. 99), the coloring matter of febrCe urine, 
is present. To confirm this, there must be present a 
rose-red sedimentum lateritium, or upon addition of a 
few drops of acetate-of-lead solution a reddish or flesh- 
colored precipitate should fall. 

If the earthy phosphates appear brown, usually the 
hiUa/ry coloring matters are present. If the biliary col- 
oring matters are not decomposed, a beautiful iridescence 
may be obtained by Heller's test (p. 104). If no color- 
ation occurs, and also no green color is obtained (Ultz- 
mann's test), then decomposed biliary matters are pres- 
ent in the mine. By a relatively low specific gravity 
of the urine the H^ SO* test is strengthened, and a mix- 
ture of the urine with potassium hydrate (KOH) ap- 
pears more darkly colored. 
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C. Test for Hie Normal Coloring Matters of the Urine. 

1. Test with concentrated Hj SO4 (p. 62, Heller's 
urophseme test). 

2. Test for indiean with concentrated HCI and 
bleaching powder solution. (See p. 64.) 



D. Test for the Nortrtal Inorganic Salts of the Urine. 

1. For chlorides: Take the wine-glasa which has 
been used for the HNOg test A, and, if much albumen 
has not separated, stir up the mixture of urine and 
HNOb with a glass rod and add one or two drops of a 
solution of nitrate of silver (AgNOg). (P. 69.) 

2. For alkaUne pho^hatm, with the magnesium fluid 
mixture (p. 75), after precipitating the earthy phos- 
phates with KOH or NH4 OH. 

3. For sulphates, with barium chloride (p. 77). 

F. Fv/rther Tests for Almormal Matters. 
If it ia necessary to test for the more obscure sub- 
stances which may be present, we use the afore- 
mentioned tests for ammonium carbonate (p. Ill), 
hydrogen sulphide (p. Ill), sodium carbonate (p. 113), 
and for leucine and tyrosine (p. 97). When the first 
three bodies are present, the urine is almost always 
alkaline. With the latter two, biliary matters are gen- 
erally present. 

F. Investigation of the Sediment. 
The color and consistence of the sediment should 
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first be observed (whether crystaUine, pulverulent, floc- 
culent, etc.), and also what is its chiel constituent. 
We may do this either chemically or better miero- 
chemically and microscopically. (" Sedimente," pp. 
114-155.) Finally, we determine the visible organ- 
ized constituents of the sediment (epithelium cylinders, 
spermatozoa, etc.) by means of the microscope. 

If the urine has been investigated in accordance 
with this scheme, it is convenient, for the beginner 
especially, to write in a concise form all that he has 
found, iu order that he may draw his conclusions from 
a glance at the analysis. 

This form may be conveniently made by simply 
folding a sheet of paper three times (see p. 195). 

The abbreviations are as follows : 



Hj SO^ test = Sulphuric-acid test for coloring matters. 



Ind 
"+Ur 
— Ur 

CI 

E. ph. 

A. ph. 

8ul 



= Indican. 

= Urea. 

= Uric acid. 

= Chlorides. 

= Earthy phosphates. 

= Alkali phosphates. 



d 



In order to express whether the constituents are 
present in normal, increased, or diminished quantity, we 
employ the following : 

A normal amount present is denoted by n ; a mod- 
erate increase by m -f-J a moderate decrease by ra — ; 
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a large increase by st -|- (strongly increased) ; a large 
decrease by st — (strongly decreased). 
The results may be arranged as follows : 



Physical Characteristics. 



Normal SuBSTAisrcES. 



u 



Hj SO4 test 

Ind 
H-Ur. 
— Ur. 



CI . 
E. ph. 
A. ph. 

Sul. . 



Abnormal Mattebs in Solution. 



Sediment. 



Conclusion. 



The increase and decrease is that of the percentage. 
Such a filled out table appears as the following ex- 
ample. 
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Physical Chaeacteristics. 

24-hour amount = 4,0G0 c.c. 
Pale yellow, somewhat turbid, acid. 
Sp. gr. = 1*040. Slight sediment. 



Normal Matters. 

Hg SO4 test . . st — CI .... m 

Ind ni + E. ph. . . st 

+Ur \ „. _ A. ph. 

— Ur 



) A. ph.) 

)•••'• SuL j • 



st 



Abnormal Matters in Solution. 
Sugar in considerable quantity. 



Sediment. 

Consists of mucus in normal quantity. 
Microscopically, isolated yeast fungi are seen. 



Result = Diabetes mellitus. 



With such a blank one may write in its proper 
division the result of each test that he has applied from 
A to F, the presence and amount of the substances 
found, and the conclusion he may have drawn. If we 
look at the table in the example, we conclude: 1st. 
From the 24-hour amount, that there exists pcH/ywria ; 
2d. From the specific gravity, concerning the quantity 
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of solid matters, diabetes ; 3d. From the pale color and 
the lack of urates, that no febrile condition exists ; 4th. 
Finally, from the amount of sugar present, diabetes melr 
litus. 



CHAPTER VIL 

GENERAL DIA GNOSIS. 

At the time when the entire investigation of the 
urine consisted in observing the physical characteristics, 
and then only with preconceived notions, so that one 
took pains to torture the " urine signs " to conformity 
with a system previously constructed on a speculative 
basis, the investigation of the urine could afford no 
essential service in the diagnosis of febrile processes, and 
not seldom afforded a cloak to ignorance and charlatanry. 

It is only since the advance of organic chemistry and 
the use of the microscope, and since the connection be- 
tween the characteristics of the urine and the tissue 
metamorphosis on the one hand, and the construction of 
the urinary apparatus on the other, has been clearly 
imderstood, that the investigation of the urine has dared 
to claim for itself an important character and a scientific 
value. At present no one doubts that it is essentially 
necessary for the diagnosis of disease. Moreover, in 
certain cases, from the urinary analysis alone can their 
nature, condition, and intensity be determined. It would 
be a gross error to believe that from the urine aU. possi- 
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ble diseases can be diagnosed ; but it would be equally 
unjust to attempt to exclude as useless urinary investi- 
gation. 

Before we speak of the diagnosis of diseases of the 
urinary apparatus, we will mention what is important 
uroscopically with the various diseases in general. In 
this series we comprise those indications which are moat 
valuable and necessary to the pi-acticing physician. 

1, Take the twenty-four hours^ amount, and consider 
if it he normal, increased, or diminished. The normal 
amount is generally 1,500 c.c. If the twenty-four hours' 
amount is considerably increased, we have to do with 
polyuria; if it is diminished considerably, with oligu- 
ria ; and, if there is no urine excreted, with anuria. 

PolymHa may be either physiological or pathological. 
In the first case it is urina potm or urina spastica I in 
the latter case, on the other hand, we have either hydrvr 
ria or diahde^. In order to make a differential diagno- 
sis, we must calculate from the specific gravity the 
amount of solid matters excreted in twenty-four hours, 
by means of Trap's or of Haeser's coefficients (p, 35). 
If the quantity of solid matter is normal (nearly 70 
grammes) or thereabout, it is a case of m-inapotus ; i. e., 
as far as its solid constituents are concerned, a normal 
urine diluted with much water. If the amount of solids 
is diminished, we have a hydruria to treat, which may 
occur with several cachexies. If, on the contrary, the 
solids are considerably increased, we have a diabetes. If 
with the diabetes a large amount of sugar is present, we 
have a diabetes melUtus. If, on the contrary, no sugar is 
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present, we have a diabetes i/nrnpidus (by an increase of 
the nitrogenous materials, an azotwrid). 

Oliguria is easy to diagnose, and occurs chiefly with 
febrile processes. The urine is generally dark-colored 
and strongly concentrated. In the latter stages of kid- 
ney diseases, after the appearance of UTEemia, the amount 
constantly decreases. A shght oliguria may occur tem- 
porarily after a loss of water, as by profuse sweating or 
diarrhcea. 

Anuria with an xmobstnicted urethra occurs only in 
severe kidney affections, in connection with UTEemia. 
Besides, this occurs with stricture, stone, and new 
growths, as so-called retention of the urine. 

If the amount of mine has been satisfactorily inves- 
tigated, we observe : 

2. "Whether or no the specimen is a febrile urine. 
We may also often determine whether the febrile pro- 
cess is acute or chronic, since the acute inflammatory 
processes are usually accompanied by important febrile 
indications. 

Febrile v/rine has generally a dark reddish-yellow 
color, is concentrated, and its volume likewise dimin- 
ished. If, as is seldom the case, the amount of urine is 
not diminished, but on the contrary is increased, the 
coloring matters are likewise increased. We regularly 
find in fever urine a distinct layer of urates by the 
HNOs test (A). 

If an acute exudation pi'oeess is present at the same 
time, the urine is concentrated, acid, and contains many 
urates, which come down upon cooling, colored by a red 
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coloring matter (uroerythrine) as a rose- or tile-red aedi- 
mentam lateritium. At the same time the excretion of 
the urea, Bulphatee, and alkali phosphates is increased, 
whUe the chlorides are diminished. With an increase 
of the disease the chlorides may steadily diminish, untU 
they finally disappear at the climax. 

In the stage of resorption the concentration of the 
urine gradually disappears, the reaction becomes gradu- 
ally neutral or alkaline (from carbonate of ammonia), 
the chlorides ai-e again present in normal amount, and 
in the sediment are found urates (as urate of ammo- 
nium) and earthy phosphates. Simultaneously the urine 
may be normal in volume or somewhat increased, while 
during the exudation process it was diminished. 

Although in most cases it is not very difficult to 
diagnose from the urine an acute inflammation or a so- 
called status febrilis, we are not able to make (except- 
ing the diseases of the urinaiy apparatus) a dififerential 
diagnosis between the various forms of febrile affections. 
Even in the kidney diseases one may be so far deceived 
that, being misled by the uroscopic indications, he may 
mistake an accompanying affection for the principal dis- 
ease. For example, the urine of scarlatina is analyzed, 
and one finds a febrile state in connection with a de- 
squamative or parenchymatous nephritis. From the 
uroseopical indications we diagnose acute nephritis, al- 
though scarlatina and not nephritis is the predominant 
disease. The former could not be diagnosed from the 
xirine. 

Notwithstanding that the differential diagnosis of 
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febrile affections is not ix)ssible, the analysis of the urine 
should not be omitted, since from it we may often deter- 
mine an advance or improvement in the condition, and 
often detect fm-ther complications. For example, the 
reappearance of the chlorides is regarded as a favorable 
sign, while the appearance of albumen is an unfavorable 
symptom. 

Among the acute febrile processes there are a few to 
be mentioned which lend characteristic peculiarities to 
the urine, and which are of essential iniport:ance to the 
physician to confirm his diagnosis. 

With icterus we constantly find biliary matters in 
the urine. 

With ietej-vs levis, an icterus of a lighter grade, sim- 
ply a febrile state is discovered (L e., much urates in an 
acid, dark, concentrated urine), and a rich mass of biliary 
coloring mattere, the chlorides at times appearing in less 
quantity. With icieinis gravis — in which the principal 
cause is not simply a resorption of the biliary constitu-* 
ents, from a catarrhal affection of the ductus choledochua J 
and cysticus, but much more a parenchymatous affection 
of the liver itself, often also a quick breaking down of 
the liver cells — ^besides a large quantity of the urates 
and biliary coloring matters, we find also albumen, and 
at the same time small amounts of the biliary acids. 
The chlorides are entirely wanting. 

With acute Iwer atrophy we usually find a urine rich 
in bUiary coloring matter, of low specific gravity and 
acid reaction. The urea is greatly diminished, and in 
its place we find leucine and tyrosine (the latter also oaA 
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a sediment). The chlorides have entirely disappeared. 
Moreover, urates and albumen, the latter in great amount, 
are present. Biliary acids can be proved in such urine. 
In the sediment is found a great amount of epitheEal 
casts and fibrinous cylinders, besides kidney epithelium 
and isolated blood-coipuscles. 

With acitie hmg diseases we find a larger amount of 
urates conesponding to the insufficiency of respiration. 

With ?ie(M-t diseases, or irregulmties of the circula- 
tion, we find a stasis in the venous system and resulting 
albuminmia (renal stasis) ; just as there occurs with 
many acute febrile diseases, and especially exanthemata, 
a kidney affection as a complication. 

With peritanitM we find usually a large amount of 
indican, (Senator.) 

The urine of meningitis is generally very strongly 
concentrated, corresponding to the slowness of the pulse. 
Since the differential diagnosis between meningitis and 
typhus is very difficult, and clinically often impossible, 
various indications may be gathered from the urine. 
Unfortunately, they are not to be entirely depended 
upon. The urine of meningitis should show a high 
specific gravity and a weakly acid reaction, and should 
contain some albiunen and much urates. Besides the 
increase of the specific gravity, another characteristic 
should be that, by boding the native urine, the earthy 
phosphates should separate (Heller's bone earths). The 
chlorides are not strongly diminished. In typhus, on 
the contrary, the specific gravity is not so high, and the 
urine is acid and should contain no so-called bone earths. 
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The chlorides should almost always be gi'eatly dimin- 
iahed. Urates are present, and albumen may be found 
in larger amount. At the same tune in typhus urine a 
lai^e amount of carbonate of ammonium should be 
proved, the urine at the same time possessing a distinct- 
ly acid reaction. 

With meningitis ^iaalia one should find besides 
these constituents much indieau. The specific gravity 
of this urine, in contradistinction to that of mmmgiUa 
cerebralis, should be lower. 

With acute articular rheumatism we observe, besides 
a high specific gi-a^-ity, an acid reaction, increased urea 
and urates, and a characteristic strong increase of earthy 
phosphates. The sediment should contain beautiful 
rose-red urates and oxalate of calcium, colored by uroery- 
thrine. If pericai-ditis exists also, the chlorides and 
earthy phosphates diminish rapidly, but the uroerythrine 
appears still more beautiful 

If the urine is not colored dark reddish-yellow, and 
urates are not present in large amount, we may deter- 
mine that no febrile process accompanies the disei 
Among the feverless and consequently for the most pj 
chronic affections, several possess certain characteristio 
peculiarities in the urine, which for completeness we 
mention. 

Chlorosis furnishes a very pale and light urine, cor- 
responding to the lessened tissue-metamorphosis in the 
organism. With hyst-eiHa a similai" urine appears, but 
with an increase at times in mass, and a larger amount 
of indiean (urma spastica). The mine of hydruria and 
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also pale. How theae two may be distin- 
guished from one another has been already explained. 
With diabetes meUitus the specific gravity is higher in 
spite of the increased amount. An increase of indican 
is observed by the reaction, and in the later stages of 
this disease mnch albumen appears. The remaining 
normal constituents are diminished in percentage, but 
the absolute amount (with the exception of uiic acid) is 
increased. In saccharine urine veiy many and beautiful 
yeast plants are found in the sediment, as well as net- 
works of peniciUium. 

With chronic diseases of the ^mal cord often occurs 
a pale and light urine, which besides much indican and 
bone earths contains a very small quantity of sugar (?). 
In the sediment HeUer claims to have often observed 
sarcinse. 

With rachitis, and especially with osteomcdcuda, the 
earthy phosphates are strongly increased, so that they 
form a copious sediment. 

With diseases of the hone, especially if a great part 
of the skeleton is involved, we find an increase of car- 
bonate as well as oxalate of lime in the sediment, to- 
gether with the so-called bone earths, partly in solution 
and partly in the sediment. 

With chronic articidar rheumatisTn is found a 
strongly acid, concentrated urine, which contains a 
sediment rich in urates and calcium oxalate. A gi-eat 
increase of earthy phosphates is characteristic. 

In gmtt we find a similar urine, except that the uric 
acid is excreted in less amount, and is therefore retained 
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in the organism. At times a beautifully crystallized 
Bediment of free uric acid is found. 

In inteiinittent fever, in the cold stage, the excretion 
of urine ia increased, and it is light and clear, while in 
the hot st^e it ia dark and saturated. 

In chronic liver affections, in spite of the fact that 
no fever exists, we find a dark, acid, concentrated urine. 
Undecomposed biliary coloring matters are seldom pres- 
ent ; the normal coloring matters are strongly increased 
(decided HjSOi, and indican reaction); and generally 
uroerythrine is also present. This increase of the color- 
ing matters of the urine ia accounted for by an increased 
exchange and excretion of biliary coloring matters. 
The earthy phosphates are usually diminished. In the 
sediment we find frequently urates colored rose-red by 
uroerythrine, and many times a small amount of calcium 
oxalate. 

In chronic shin diseases, especially in those affections 
which destroy in part the function of perspiration, we 
find re^larly a kidney disease as a complication ; i. e., 
pemphigus, etc. 

With scurvy and purpura hwrnorrhagica we fre- 
quently find haemorrh^e from the kidneys ; as also in 
mela/ncemia, with which we usually have parenchyma- 
tous kidney affections. 

With leiicamiia the urine is rich in uric acid, and 
often also hippuric and lactic acids occur. 




CHAPTER Vin. 



DIAGNOSIS OF TEE DISEASES OF THE dEINAST 
APPARATUS. 

If mine which contains neither pus nor blood, nor 
has been accidentally mixed ^vith albuminoua fluids, 
shows the albumen reaction, this condition is called trite 
cdbummwria I and disease of the kidney itseK is indi- 
cated. If, on the contrary, albumen is present only as 
blood or pus, the condition is called false albwninuria, 
and is usually a symptom of an affection of the kidney- 
pelvis, ureters, or bladder. Mixed albumvnvHa is when ' 
there is more albumen in the urine than can be ac- 
counted for by the presence of blood and pus. 

Whether, in addition to the amount contained in i 
blood and pus, albumen in other forms is present in the ■ 
urine, can only be accui'ately detei'mined by one very 
familiar with the albumen reaction, and sometimes even 
he will find it quite difficult. The beat way of learning j 
to distinguish false from mixed albuminuria is to add to 1 
normal urine the so-called healthy pus of a suppurating , 
wound, and, after allowing the sediment to form, apply i 
the test for albumen. 



ANALYSIS OF TBE URINE. 



MICROSCOPICAL AND CHEMICAL AIDS FOR DIAGSOSIS OP 
THE. DIFFERENT FORMS OF ALBCMINtrRIA. 



A. True Albiiminv/ria. 
ia of ti 



From the active congestion caused by unusual im- 
bibition, no albumen is found in the urine. The daily 
amount of urine is iuereased, its color becomes pale yel- 
low or may be clear as water, the specific gravity is very 
low, and the normal solid constituents are usually ex- 
creted in greater quantity. 

Albumen in small quantity is present in urine when 
for a considerable time the kidneys have been obliged 
to perfonn their function excessively, as for example in 
diabetes meUitus or insipidus. It also appears in small 
quantity (one tenth per cent., and generally even less) 
from hypersemia of the kidney, caused by various irri- 
tating substances which are excreted by the same ; for 
instance, after the long-continued internal use of balsam 
copaiva;, turpentine, cubebs, corrosive sublimate, and 
other acrid or astringent remedies. 

A change in the chemical constitution of the urine 
should also be mentioned as a cause of irritation ; that 
is, hy^jeraamia of the kidney. It is well known that a 
concentrated, strongly acid urine may give rise to mani- 
fold disorders of this organ, and may sometimes even 
cause a slight albuminuria, which ia, however, generally 
transitory. 

Partly from chemical and partly from mechanical 
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irritation, as by osaluria and excessive amount of xiric 
acid in the urine, especially if this fluid has a strongly 
acid reaction and the uric-acid crystals are pointed or 
ja^ed, a nuld albuminuria may be produced. This can 
however be easily cured, if one pays attention to the 
character of the urine, and indiices the patient to drink 
a great amount of water ; for by this means the solids 
of the urine, especially the alkali-salts, are excreted in 
greater quantity, which, besides neutralizing the acidity 
of the urine, are excellent solvents of the uric and oxalic- 
acid crystals. 

The crystals of uric acid, in addition to their irri- 
tative action, not infrequently become kernels for the 
formation of renal calculi. 

Further, a slight temporary albuminuria is observed 
after convulsions, epileptic and intermittent fever pa- 
roxysms, and various other forms of vascular contrac- 
tion. It also frequently occurs in conjunction with 
acute fevers (Bartels* febrile albuminuria), especially 
with acute exanthemata, and finally sometimes with 
inflammatory affections of the skin, as anthrax, furun- 
culosis, erysipelas, bums, etc. Often by hyperremia of 
the kidney, if the primary disease advances, a parenchy- 
matous inflammation is introduced. 

From passive hyperaemia of the kidney, a result of 
general venous sluggishness, the albuminuria increases 
or diminishes in proportion to the more or less complete 
venous stasia. 

Often a retardation of the renal circulation results 
from feebleness of the heart's action. K, however, in 



ANALYSIS OF THE URINE. 



I 



sucli cases the normal blood-preasiore is restored by 
proper medicines, the alburainuna usually disappears. 
The renal circulation is also impaired by chronic pul- 
monaiy diseases, especially emphysema, and by all tu- 
mors and exudations which retard the general current of 
the venous blood ; as, for example, lai^e pleui'itlc effu- 
sions, ascites, ovarian cysts, and advanced pregnancy. 
Puerjieral eclampsia is not alone accompanied by a tran- 
sitory renal venous stasis (Rosenstein), but very fre- 
quently also by parenchymatous nephritis (Bartels). 

As a consequence of mai'asnius and mth various 
cachexies, a hypersemic condition of the kidney is ob- 
served. 

The characteristics of simple hypenemia of the hid- 
ney are that the specific gravity of the urine is generally 
though not always high, the solid constituents are pres- 
ent in diminished or else in normal quantity, and the 
reaction is acid. Albumen appears in small quantity 
(one tenth per cent, or even less). In the sediment 
either no organized elements are found, or at most single 
blood-corpuscles and epithelial cells from the straight 
tubules ; hyaline casts are scarcely ever seen. 

In fehrih allmmitmria, in addition to this, the quan- 
tity of the urates is increased, while that of the chlorides 
is greatly diminished. 

In Htads of the renal circulation proper, the twenty- 
four hours' amount of the urine is always diminished, 
the specific gravity is high, the color dark, and the reac- 
tion acid. This urine contains a large amount of urates, 
which frequently render it tm-bid, and settle down as a 



DISEASES OF THE URINARY APPARATUS. 



211 



copious sediment. About oue fifth per cent, or more of 
albumen is present. In the eediment are usually found 
hyaline casta and single cells of kidney epithelium. 

This renal stasis is distinguished from parenchyraa- 
toua nephritis by the absence of cellular forms (blood- 
and lymph-corpuscles, granular epithelium from the 
kidney) and of granular casts in the sediment of the 
urine. 

The urine accompanying renal stasis is distinguished 
fi'om that of chronic tntei'stitial nephritis (cirrhosis of 
the kidney), and that of the "waxy" kidney, by its 
dark color, its high specific gravity, its small amount 
during the twenty-four hours, and the abundance of 
its mates. 



Two foiTus of parenchymatous nephritis are ac- 
cepted — acute and chrome. The acute form usually 
occurs as a sequence of other acute diseases, and is sel- 
dom primary ; while the chronic, the so-called second 
stage of Bright's disease, is generally primary, and sel- 
dom follows the acute form. 



a. Acute Parenchymatous Nephritis. 

Of acute parenchymatous nephritis two forma are to 
be recognized. One is a slight affection, the so-called 
catarrh of the urinary tubules, or desquamative ne- 
phritis ; the other a more severe form, the acute paren- 
chymatous nephritis proper (diffuse or croupous), the 
Bo-called acute Bright's disease. 
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Acute parenchymatous nephritis in most cases allows 
a favorable prognosis. Only in those cases where there 
is a complete suppression of the urinaiy secretion 
(annria) is there usnally a fatal termination. De- 
squamative nephritis always runs a favorable course. 

a. Catarrh of the urinary tubules, or desqv-amative 
ji^hritis.—Tim foi-m preferably affects the straight 
tubules. It lasts fi'om eight to fourteen days, but often 
a still shorter time. Fever is not an essential character- 
istic. Those affected complain of stiffness in their 
joints, pain in the region of the sacrum, and general 
lassitude. Tliey frequently walk about during the 
whole course of the disease. (Edema seldom occurs. 

The urine shows the following characteristics : 

The twenty-four hours' amount is either normal or 
slightly diminished ; the same is true of its specific 
gravity. The color is wine-yellow, seldom a dirty yel- 
low ; the reaction is acid. The fluid is always rendered 
turbid by the presence of cellular bodies, and sometimes 
deposits a thick sediment. 

The normal constituents are excreted in normal pro- 
portion. 

Of abnormal substances, albumen is found in mod- 
erate quantity, one tenth to one fifth per cent., and some- 
times traces of blood-coloriug matter. 

The sediment consists chiefly of an increased amount 
of mucous secretion. Microscopically are seen numerous 
epithelial cells from the straight tubules, which are 
sometimes colored brown by the coloring matter of the 
blood. They ai'e frequently connected together in the 
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form of hollow cylinders, being known as epithelial 
casta ; or the epithelial cells may form the covering of a 
hyaline cylinder (both together forming the epithelial 
cylinders). (PI. VII., A., 5.) In addition are found 
isolated hyaline cylinders, red blood-corpuacles, and a 
somewhat larger nmnber of lymph-corpuscles. 

Inflammation of the straight tubules also results from 
the introduction of instruments after catheterization of a 
sensitive bladder, dilatation of strictures, intivaduction 
of the lithotrite, etc. It also accompanies acute inflam- 
matory processes, especially the exanthemata, 

Mc coiitiguo, desquamative nephritis arises from 
inflammation of the bladder caused by the retention of 
urine after gonorrhcea. 

The higher degree of this affection is — 

j9. Acute pareTwkymatous nephritis proper. — This 
disease may occur with very severe disturbances, and 
also without noteworthy subjective symptoms. The 
latter condition is observed in reduced cachectic indi- 
TJduala, 

The important symptom, which first causes the pa- 
tient as well as the physician alarm, is dropsy. This 
appears especially characteristic as cedema of the face, 
which produces a bloated appearance. Severe cases are 
' accompanied by anuria and convulsions. The less the 
twenty-four hours' amount of urine, so much the more 
severe generaUy becomes the disease ; so that with an 
anuria of long duration the disease usually proves fatal. 

The urine shows the following changes : 

The twenty-fom- honrs' amount is grpatly diminished, 
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often to 250 C.C. The specific gravity ia usually in- 
creased ; the reaction is acid, and the urine has a brown- 
yellow, dirty color, being quite turbid from the presence 
of many cell elements. The latter after long standing 
aettle as a considerable sediment 

The noi-mal constituents ai-e excreted in diminished 
amount 

Of the abnormal matters, we find serum-albumen in 
great amount, and at times blood-coloring matters also 
in considerable quantity. Albumen comes in fi'om 1 to 
5 or 6 per cent., so that the urine is transformed by boil* 
ing to a thick jeUy. 

The sediment is generally colored brownish, and 
consists principally of a thick mass, often colored brown 
by blood-coloring matters, at times of long coi'kscrew- 
twisted fibrine-cylinders, containing often a great amount 
of lymph- or red blood-corpuscles (blood-cylinders) or 
adhering brown-colored (hsemorrhagic) epithelium of 
the urinary canala In other cases we find only cell 
remnants surrounding distinctly visible nuclei, which 
are in part contained within and in part on the surface 
of the cylinder. Besides, many isolated epithelial cells 
from the tubules are found, together with many bloodr 
and IjTiiph-coiiiuseles, and a mass of molecular detritos, 
richly colored brottoi from the blood-coloriug matters. 

Acute parenchjTuatous uephi'itis either develops it- 
self primarily, or it occnra as a consequence of anotha* 
acute disease. It apjiears especially frequent after aooto 
exanthematoua^ affections, namely, after scarlatina, and 
as a consequence of diphtheritis, febris recurrens, plilee- 
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mon, erysipelas and cai'buncle, after einployinent of 
preparations of which canthaiides may be taken as the 
type, and also after the intenial exhibition of violent 
and caustically acting medicaments, as coiTosive sub- 
limate. 

It is frequently observed after taking cold, and after 
buma of wide extent on the skin. After articular rheu- 
matism, in cholera, and in pregnancy it appears fre- 
quently as a complication. 

Finally, acute nephritis occurs frequently in the 
course of chronic parenchymatous nephritis. 

Although the prognosis in most cases of this disease, 

even if it has lasted several weeks or months, is favor- 

. able, yet in single severe cases, with the appeai'ance of 

I acute ursemia, the fatal end may come in a few days, 

On the other hand, the acute form may pass over to the 

chronic. 

5. Chronic Parenchymat^ym Nephritis. 

The first symptom of this disease is also dropsy. 
Fever is not present. 

The urine shows the following changes : 

As long as chi'onic nephritis advances, or while the 
disease remains at its height, the twenty-four hours' 
amount is diminished ; but as soon as the chronic nepliri- 
tis retrogrades, the amount of urine increases, and in the 
stage of the so-called kidney atrophy it may pass beyond 
the normal amount. 

The color of the urine is dirty yellow, often bi-own- 
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yellow. It ia turbid from numerous cell forms, which 
after settling show a macroBcopically visible sediment. 
The reaction is acid, and the specific gravity is usually 
lowered. 

The normal constituents (especially urea) are ex- 
creted in diminished quantity. 

Of the abnormal substances, albumen is found from 
one half to one or two per cent. Blood-coloring matters 
aie present ; at least, traces are provable. 

In the sediment we find at times in large amount, 
but usually isolated, dark nucleated granular cylinders, 
or half granulated, made up of a hyaline ground-sub- 
stance with insulated granular masses sparingly dis- 
tributed over its surface. (PL VII., A, 2.) There are 
also found nucleated granular kidney epithelium and 
single blood- and lymph-corpuscles, with molecular de- 
tritus. 

In the condition of secondary atrophy the twenty-four 
hours' amount is considerably increased. The specific 
gravity is much lowered. The color is pale yellow. 
The urine is also turbid, and shows a maeroscopicaUy 
visible sediment. 

The excretion of the normal constituents, especially 
the urea, when the atrophy affects both kidneys, is 
greatly diminished. 

Albumen is present in only email amount (one tenth 
to one fifth per cent.). 

In the sediment we find granular masses consisting 
of detritus, granular kidney epithelium, and isolated 
fi'agments of granular cylinders. 
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Tliia disease occurs in a minority of cases aa a 
sequence of tlie acute nephritis, but generally it has 
other modes of origin, 

Clu'onic pai'enchymatous nepliritis arises from the 
acute pareucliymatous nepliritis, though most frequently 
after scarlatina, after severe rheumatic processes, after 
profuse bone suppuration, and also from the nephritis of 
pregnancy. 

Parenchymatous nephritis originates in the chronic 
form after purulent osseous and articulai' inflammations 
in consequence of intractable syphilis, pulmonary phthi- 
sis, malaria, scrophulosis, and other cachexies ; also from 
the immoderate use of spirituous liquors, which is of 
especial importance. 

The prognosis is not very favorable. There are 
indeed cases in which, after yeai-s of a dropsical and 
albuminurious condition, recovery has taken place, 
though this termination is not the usual one. After 
syphilis and malaria we may by energetic treatment 
secure healing, and also after a profuse osseous suppura- 
tion, when the contained pus has been gotten rid of sur- 
gically. 



The interstitial connective tissue of the kidney may 
be altered either by hyperplastic growth or by destruc- 
tive suppuration. Accordingly we distinguish two 
forms of this disease, the hyperplastic interstitial ne- 
phritis and the suppurative interstitial nephritis. 
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a, HyperpliiHtic InterstUial N^epJu-itis — Cirrftosis of the 
Kidney — Gefiuine Kidney Atrophy. 

This affection occurs most freq^aently in advanced 
life, very seldom in youth. 

Cirrhosis may have existed for a long time, and may 
have attained a high grade, without the patient having 
hy any symptxjm whatever suspected arty disease of the 
kidney. Dropsy occurs not at aU, or only in the last 
stages. 

A tense and quick pulse and a hyjiertrophy of the 
left ventricle are the usual symptoms of this form of 
disease of the kidneys. 

Disturbances of vision complicate especially this 
form of the kidney diseases, and are not seldom 
the first symptom for which the physician is sum- 
moned. 

The urine shows the following conditions : 

The external appearance after excretion is similar to 
that of normal urine. It is bright and clear, and showB 
sometimes a darker, sometimes a lighter color, corre- 
sponding to its concentration. The twenty-four hours' 
amount is generally increased, though polyuria is not 
always the rule. The specific gravity is either normal 
or more fiequently lowered. The reaction is acid. 

The normal constituents are usually excreted in 
normal mass. 

Of the abnormal constituents, albumen is found in 
moderate amount (0*1, 0'2, 0'5 per cent.). It may also 
entirely disappear from the urine. This happens espe- 
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cially in a condition of perfect rest ; heuce more is 
found in the day than in the night uiine. 

Macroscopically we do not observe a sediment after 
long standing. Usually we find nothing abnormal by 
our macroscopic investigation. Only at times, when 
after long standing we pour off all but the last drop of 
the urine, and then examine this thoroughly by the 
microscope, we find a hyaline cylinder, a blood-cor- 
puscle, or a little changed kidney epithelium. 

The prognosis of this disease, if the diagnosis is cor- 
rect, is an unfavorable one, though the course of the 
disease may be long. 

The aetiology is obscure. 



h. Suppurative 

This may be of traumatic, idiopathic, pysemie, or 
metastatic origin. It often proceeds from chronic 
pyelitis, when the disease of the pehTS extends to the 
connective tissue of the kidney and sets up suppuration. 
It is this usually which, after surgical interference with 
the urinary organs, closes the scene. Suppurative 
nephritis occurs in this way, after catheterization of a 
paralyzed bladder, after forcible dilatation of strictures, 
and after lithotrity. It was on this account that this 
disease was foimerly known as surgical kidney. 

Kidney calculi predispose especially to suppui'ative 
nephritis, and that complicated with great kidney ab- 
scesses and pyonephrosis. 

The urine shows the following conditions : 
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It has a dirty yellow color, is cloudy, and is passed 
in small quantity. The odor is putrid. The specific 
gi-avity is diminished, the reaction being usually neutral 
or alkaline. 

The normal constituents, especially urea, are ex- 
creted in diminished quantity. 

Of the abnormal constituents, albumen is present in 
greater mass (J to 1 per cent,). Blood-coloring matters 
are usually present. Not seldom carbonate of ammo- 
nium and ammonium-sulphide are present in greater 
quantity. 

The sediment is considerable, and consists chiefly of 
flocculent pus mixed with blood in greater or smaller 
amount. Microscopically are found, besides numerous 
bacteria, molecular detritus and kidney epithelium, and 
not seldom beautifully formed, thick, often-branched 
cylinders, which are formed of bacteria (pyelo-nephritis 
parasitica, Klebs). If it is complicated with parenchy- 
matous nephritis, we find also dark, granulated, mostly 
thick cylinders from the straight tubules. 

The course is usually acute, and the process generally 
ends fatally. In chronic cases the large abscesses dis- 
charge into the pelvis of the kidney. 

We can only diagnose Mdney abscesses by estimat- 
ing the amount of pus excreted per diem, which we can 
easily do with graduated cylinders. A suddenly ap- 
pearing and then disappearing amount of pus in the 
urine, together with microscopical evidences of broken- 
down kidney-tissue (glomeruli, tubules, etc.), furnish the 
best points for the diagnosis. 
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Amyloid degeneration of the kidney is generally a 
local manifestation of a constitutional disease. It occurs 
therefore frequently in connection with extended osseous 
suppuration, aa well also as with other long continuing 
and profuse suppurations. With pyonephrosis on one 
side, not seldom the other kidney becomes amyloid. 
Scrophulosis, chronic tuberculosis, and obstinate syphilis, 
and at times also malarial cachexy, favor especially amy- 
loid degeneration of the kidney. In rare cases this 
affection is due simply to disturbance of nutrition. Fre- 
quently it ia complicated with parenchymatous nephritis. 

The amyloid disease of the kidney ia developed quite 
insidiously and without marked symptoms, though as a 
rule the amyloid kidney excretes a lai'ger amount of 
urine in twenty-four hours than the healthy kidney in 
the same space of time. This excess is never so great, 
however, as is usually found in general atrophy of the 
kidney. 

The urine shows the following conditions : 

It is pale yellow, clear, and has a low specific gravity 
and acid reaction, and deposits no visible macroscopic 
sediment. 

The nonnal constituents are generally excreted in 
diminished amount. 

Of tlie abnormal mattera, serum-albumen is present 
in moderate quantity (from O'l to 1-2 per cent.), 
sides senim-albumen, we often find globuline in rela- 
tively considerable mass (Senator, Edlefsen), which may 
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be regarded in sucli cases as chai-acteristic of tliis dia- 



I 
I 



In the sediment, seldom visible macroscopically, are 
found generally no cell-elements, but Bometimes narro"W" 
hyaline, or also broader waxy, glistening, fragile, yellow- 
colored cylinders. (PI. VII., A, 4.) Occasionally we 
observe brightly glistening, amyloid, degenerated kidney 
epithelium, which, in the same manner as the wasy 
cylinder, is colored reddish brown by a watery solution 
of iodine, and fiu^;her upon addition of sulphui'ic acid a 
dirty violet color. Blood does not appear in the sedi- 
ment ^vith pure amyloid kidney. 

The prognosis depends upon the constitutional dis- 
ease. If one has to do with syphilis and malaria, favor- 
able response to ti'eatment may be expected. 

In the differmiial diagnom of the various forms of 
dlbuTRinuria, the following points are to be observed ; 

1. If already in the urine a macroscopically visible 
sediment is present, consisting of a great mass of cell- 
elements (blood-eorijuscles, pus-coipuscles, cylinders, 
etc.), we have to do either with parenchymatous or sup- 
purative insterstitial nephritis. 

a. In parenchymatous nephritis we find in the sedi- 
ment epithelial, fibrinous, and granular cylinders, kidney 
epithelium, and blood- and lymph-corpuscles. 

h. In suppurative interstitial nephritis we find in 
the sediment blood- and pus-corpuscles, much bacteria, 
and sometimes also bacterian cylinders, or short and 
thick darkly nucleated granular cylinders. 



4 
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2. If the urine is clear or only clouded by urates, 
and no eediment is discovered which consists of a con- 
siderable mass of cell-elements, then we have to do with 
renal stasia, or with a hj-^erplaatic interstitial nephritia, 
or with an amyloid kidney. 

a. Renal stasis is distinguished from both the other 
diseases of the kidney by a decrease in the twenty-four 
hours' amount of urine, by its dark color and high speci- 
fic gravity, and often by the abundance of urates. The 
amyloid kidney and the hyper^ilastic interstitial nephri- 
tis are characterized by an increase of the amounffbf 
urine ; also in both diseases the uiine is blight and 
clear, of pale yellow color and low specific grav- 
ity. 

b. A.inyloid hidtiey differs from interstitial nephritis 
in. that the urine contains globuline, and by the presence 
of waxy cylindei-s and amyloid degenerated kidney epi- 
thelium. 

Clinically we very constantly find with amyloid kid- 
ney (as with parenchymatous nephritis) dropsy, "while 
with genuine atrophy this occurs seldom, and if at aU in 
the latter stages. 

In genuiTie hklney atrophy is found constantly hy- 
pertrophy of the heart and a quickened pulse, while 
these do not occur in parenchymatous nephritia and 
with amyloid kidney. 

Finally, with amyloid kidney usually there is an 
enlargement (amyloid degeneration) of the liver and 
the apleen. 
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Ji. Farms of Mi^x^d AUniminwria. 

Mixed albuminuria is recognized from the fact that 
there is more albumen present than corresponds to the 
amount of pus in the sediment. It includes those dis- 
eases of the kidney-pelvis which in advanced stages in- 
volve the kidney-structure, and thereby complicate the 
pyorrhcea with true albuminuria. 

The kidney-pelvis is limited toward the kidney by 
the calices and the papIllsB renalea. It is therefore easy 
to understand how with extended inflammation of the 
kidney-pelvis the neighboring papillary part may be- 
come involved. A proof that the papillary part of the 
kidney has become involved by the pyelitic process, is 
the presence of kidney-epithelium in the sediment. One 
also finds in long-continued suppurative processes in the 
pelvis of the kidney, that the same is enlarged at the 
expense of the papUlary part, the latter being more or 
less consumed. 

1. 



Pyelitis is often a local manifestation of an acute 
febrile process ; it not infrequently accompanies paren- 
chymatous nephritis and (in advanced stages) diabetes 
mellitus. The use of copaiva balsam, cubebs, and simi- 
lar powerful medicaments, sometimes has this disease 
as a consequence. Kidney-stones, parasites, new growths, 
and tuberculosis of the kidney-pelvis are almost always 
accompanied by suppurative pyelitis. From contiguity, 
either this or pyelo-nephritis is developed by the dam- 
ming back of the urine in prostatic hypertrophy, para- 
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lysia of tlie bladder, atricture of the urethra, etc., pro- 
vided at the aame tune a purulent bladder-catarrh ia 
' present. Pyelitis also frequently arises from compres- 
1 sion of the ureters by tumors, lai^e exudations, or a 
retroflected or pregnant uterus. Finally, it may occur 
' also after maltreatment of gonorrhcea, or mechanical 
injuries to the neck of the bladder and the bladder 
proper with surgical instruments, etc. 

»We may distinguish an acute and a chronic pyelitis. 
Not infrequently the sediment of the urine furnishes 
means for the diagnosis of pyelitis calculosa and tuber- 
culosa 
The constitutional diseases which bring about pye- 
litis crouposa and diphtheritica are so severe in them- 
selves that they obscure the symptoms of the pyelitis. 
of 



. Acute pyelitis. 



The clearest form of acute pyelitis occurs after sur- 
1 gical interference with the urin^y organs, in the course 
[ of acute inflammatory processes, and after improper 
treatment of gonorrhcea. 

The twenty-four hours' amount is diminished ; the 
urine is dark-colored and turbid, and has a high specific 
gravity and an acid reaction. After standing, a distinct- 
ly visible precipitate appears. 

The excretion of normal matters is not essentially 
changed ; it shows in a high degree the peculiar char- 
acteristics of a febrile process (the urates considerable, 
i the cMoridea diminished). 
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Of the abnormal constituents, albumen occurs always 
in far greater amount than corresponds to the alight pus 
sediment. The percentage of the albumen varies from 
0-1 to 0-5 and thereabouts. Blood-coloring matters are 
in small Mnount, and not constantly present. 

The sediment consists chiefly of an increased (cloudy) 
mucous secretion, mixed with pus in less or greater 
amount Microscopically, we find pus-corpuscles of 
round, spherical fonn, and often many adhere together, 
forming a cylindrical plug. These cylindrical plugs 
aiise from the papillje renales, and contain not seldom 
beautiful kidney-epithelium. We always find blood- 
corpuscles, but at times only singly. The epithelium of 
the papillary part of the kidney appears in great amount 
in oval or pear-shaped forma. Often two or three 

L epithelial cells hang together. We also find at times, 
though seldom, these epithelial cells colored reddish 
brown by the blood-coloring matters, which with the 
colorless pus-cells and the yellow blood-corpuscles make 
up a beautiful picture under the microscope. 
The so-called single and double caudate epithelium, 
with tUe-form arrangement, which is generally desig- 
nated as pelvis-epithelium, is not a characteristic of pye- 
litis. The epithelium of the kidney-pelvis does not 
differ essentially from the epithelium of the bladder, 
which appears also in the urinary sediment of pyelitis ; 
and on this account only the epithelium of the papil- 
lary part is a characteristic for the diagnosis of pye- 
litia 
With acute pyelitis kidney-epithelium occurs in 
I. 
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greater amount, often ten pieces in the field, while with 
chronic pyelitis it appears very sparingly. 

Acute pyelitis, if it occurs in consequence of surgical 
interference ia the bladder, or following acute inflam- 
matory processes, or with gonorrhcea, allows of a favor- 
able prognoais, since in the course of a few weeks heal- 
ing is apt to occur. Sometimes, however, there arises 
from the acute form — 



b. Chronic} 

In chronic pyelitis the twenty-four hours' amount of 
luine is increased. For this reason pol}mria may be re- 
garded as a characteristic symptom. In severe eases, not 
infrequently 5 to 6 litres are evacuated in the twenty- 
four hours. The color of the whey-turbid urine is pale 
straw-yellow, and has at times a peculiar tendency 
toward greenish-yellow. The specific gravity is always 
low and the reaction acid. The sediment is more or 
less copious, corresponding to the amount of pus. 

The absolute amount of normal constituents ia not 
essentially changed, but their percentage appears to be 
diminished on account of the polyuria. 

Of the abnormal constituents, albumen appears con- 
stantly in greater amount than corresponds to the con- 
tained purulent sediment. The mass of albumen is 
generally 0-1 to 0*5 per cent. Blood-coloring matters 
are usually not present. 

The sediment has a greenish-yellow color, is floccu- 
lent, consists chiefly of pus, and does not stick to the 
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glass. The poa<»rpuscles with long-continued pyelitis 
are often branched or have tooth-like projections, milike 
the pus-corpuscles of other iicute pnmlent catarrhs of 
the urinary passages. They ^so form, since they are 
pressed together in greater mass, roundish, oval, or even 
long plugs (purulent plugs of the ductus papUlares), 
which are characteristic of chronic pyelitis. (PL VIL, 
B, 2 and 3.) 

Epithelial cells are very sparingly present in chronic 
pyelitis ; and if the suppuration is very severe, they 
may be entirely wanting, since they apparently by endo- 
genous cell-formation break up into pus-corpuscles. 

Blood-corpuscles do not occur with the common 
chronic pyelitis. With pyelitis in consequence of reual 
calculi, tuberculosis, new growths, and entozoa in the 
kidney, they are, however, of constant occurrence. 

Chronic pyelitis only seldom admits of a favorable 
prognosis. In our latitudes it is usually complicated 
with primary or even (in consequence of suppuration) 
secondary stone-formation. Not infrequently it passes 
over into pyonephrosis, later perinephritis, with final 
discharge of the purulent contents toward the outer sur- 
face of the body, less often into the bladder or intestines. 
This happens usually in young or strong individuals. 
In weak or old patients chronic pyelitis passes over into J 
interstitial suppurative nephritis, and chronic ursemiatl 
closes the scene. 

c. Pyelitis Calcvlosa. 
Calculosis renalis is chiefly introduced by a deposit! 
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of uric acid within the kidney or the Mdney-pelvia. 
Therefore the spontaneously arising kidney concretions, 
for the most part, are composed of uric acid or its salts, 
and have a yellowish-brown color. In addition, renal 
calculi may he introduced by excretion of cystine (most 
infrequent), and by excretion of earthy phosphates, aa 
the so-called secondary stone-formation in the kidney- 
pelvis, in consequence of hemorrhage and long-continued 
suppuration. Oxalate of calcium only very rarely is 
the primary cause of etone-building ; it plays its part 
later in the layer formation. 

The most frequent cause of the formation of kidney- 
stone, as we have before mentioned, is the excretion of 
crystalline uric acid within the kidney, in consequence 
of its absolute or relative (thi'ough concentration of the 
urine) excess. Naturally the concentration and the in- 
creased acidity thereby protluced furnish favorable con- 
ditions for the formation of the characteristic rough or 
pointed crystals of uric acid, which are almost constantly 
the foundation of kidney-stones (Ultzmann, " Ueber 
Hamsteinbildung," in " Wiener KUnik," 1875, No. 5). 
Therefore the indications of kidney-atone must be looked 
for in a concentrated, acid urine, rich in uric acid, espe- 
cially if the same is excreted in Jagged or pointed 
forms. 

The beginning of kidney-calculi can be diagnosed if, 
in connection with the above-mentioned conditions of 
the urine, a light albuminuria (hyperasmic condition of 
the kidney) is observed, and a few blood-corpuscles 
appear in the sediment. 
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The accompanying albuminuria ia only temporary, 
and appears especially only with a considerable concen- 
tration of the urine or with a great excess of uric 
acid. 

The presence of large eoncretione in the kidney may 
be diagnosed from the occiuTence of a pai-enchymatone 
hEemorrhage. The urine from the before described 
chemical constitution shows, especially after violent bod- 
ily exercise, a red-brown or coffee-colored tinge, 

If the concretions do not disappear after such a 
strong kidney-haemorrhage, there arises gradually a pye- 
litis — the pyelitis calcidosa. This may occur in two 
forms, a light and a severe. 

The light form occurs generally with Iddney-concre- 
tions of small size, and characteristic indications are 
often offered by the sediment ; while the more severe 
purulent form differs from the ordinary pyelitis chronica, 
in that we constantly find blood-corpuscles in the sedi- 
ment The latter form of pyelitis calculosa occurs gen- 
erally with greater concretions, and affords later a ter- 
mination for pyonephrosis and paranepliritis with dis- 
charge of purulent matter. 

The lighter form of pyelitis calculosa shows the fol- 
lowing characteristics of the urine : 

The twenty-four hours' amount is not increased, but 
rather diminished, or more commonly normal. The 
urine is dark-colored and turbid ; its specific gravity 
normal or raised ; the reaction acid ; and often there is 
considerable sediment. 

Of the normal constituents, uric acid is in excess 
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(preaence of crystalline uric acid in the sediment and 
proof of a layer of urates by tlie HNOg test). 

Of the abnormal constituents, we find albumen in 
from O'l to 0'5 per cent., always more than eon-esponds 
to the pus and blood in the urine. Also blood-coloring 
matters are constant, though they may be present in very 
small amount. 

The sediment consists chiefly of pointed uric-acid 
crystals, cystine and calcium oxalate, mixed with floc- 
eulent pus in greatei' or less quantity. (PI, 11., B.) 
Besides these, numerous blood-corpuscles (microcytes) 
and kidney-epithelium cells are visible. 

The symptoms enumerated and the negative results 
from sounding the bladder confirm the diagnosis. 

Pyelitis calculosa admits of a favorable prognosis 
only with concretions of small size, i.e., such as may 
pass through the ureters. With lai^e and biwiehing 
concretions, the prognosis is always unfavorable, or at 
least very dubious. The more severe the suppuration 
and the longer its duration, the more unfavorable the 
prognosis. 

The disease affects usually only one kidney. 



d. Pyelitis Ti 

Pyelitis tuberculosa is usually a local expression of a 
general tuberculosis, or a tuberculosis of the genito- 
urinary apparatus. It is on this account not seldom 
complicated with the appearance of a chronic parenchy- 
matous disease of the kidney (nephrophthisis, nephritis 
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ulcerativa). In those eases where tuberculoaia of the 
kidney-pelvis is complicated \vith tuberculosis of the 
kidney, we find in the sediment large, waxy, shining 
cylinders, much molecular detritus, blood- and pus- 
corpuscles, and kidney-epithelium. The urine contains 
a large amount of albumen. 

Simple pyelitis tuberculosa shows, on the contrary, 
the following conditions : 

The amount of the urine is not especially increased. 
The color is dirty yellow, often brown-red from admix- 
ture of blood. It appears always turbid, and has a 
noimal or diminished specific gravity and an acid reac- 
tion. The sediment is dirty yellow, often brownish and 
flocculent. 

The excretion of normal constituents is not essen- 
tially altered. 

Of the abnormal conatituenta, albumen is found in 
from O'l to 0'5 per cent,, always far in excess of the 
corresponding pus and blood in the sediment. Blood- 
coloring matters are likewise provable in small amount. 

The sediment is brownish, flocculent, and consists 
chiefly of pus mixed witb a small amount of blood. 
Besides this, we find kidney-epitheUum and much mole- 
cular detritus mixed with bacteria, which are clotted 
together in spherical and cylindrical shapes. 

The blood-corpuscles of the sediment are generally 
the expression of an ulcerative process in the kidney- 
pelvis, and appear in the night as well as the day urine 
in slightly vaiying amount ; while in pyelitis calculosa 
the urine passed in the night or after bodily rest shows 
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an appreciable diminution in tlie amount of blood-cop- 
puscles. The passage of urine with pyelitis tuberculosa 
is not BO painful, nor is micturition so frequent, as in 
pyelitis calculosa. Besides this, the usual symptoms of 
lithiaais are wanting. 

Especially supported is the diagnosis of pyelitis 
tuberculosa, if one finds, without other assignable cause, 
swelling of the testicles with tense plastic exudation, 
scrofulous sears, swelling of the glands or other than 
the scrofulous osseous inflammations, and deep and diffi- 
cultly healing rectal flstulse, etc. 

The prognosis is in every case unfavorable when 
there is accompanying tuberculosis. With tuberculosis 
of the genital apparatus, if it occurs in healthy and 
young individuals, there may be improvement, oi' even 
(for instance, after the extirpation of a tuberculous tes- 
ticle) a relative cure. 

With echinococci in the kidney we find at times an 
accompanying pyelitis, which can not be distinguished 
from the usual chronic form. Only when the echino- 
coccal tiunor has perforated the kidney-pelvis do we 
find the characteristic saca in the sediment ; further, 
single scollces with a double-hook an-angement or rem- 
nants of the same and single hooks. (PI. VIII., A, 4.) 

Pyelitis with Bllharzia hrematobia is a manifestation 
of existing cystitis. We find the pyelitis in such cases 
complicated with profuse parenchymatous hsemon-hage. 
In the sediment, besides numerous blood- and pus- 
corpuscles, and kidney- and bladder-epithelium, we find 
also fibiine flakes which contain the characteristic eggs 
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of Bilharzia hsematobia in great quantity. (See Hsemar 
tuna, j>. 344.} The nruie is rich in albomen and di9> 
ftolved blood-coloring naattetH. 

Tlie para- or jjerinephritis can not be recognized 
from thft analysis of the ariue, since the latter may 
api*ar normal in very high grades of the diseases 



2. HcBmaimria. ' 

Hnmattlria in its strictest Sfinse does not belong 
here, since it Ik but a symptom and no idiopathic disease 
of the urinary apparatus ; but we believe that it should 
be here included, since it very often complicates the 
various diseases of the kidney, the kidney-pelvis, and 
tliu bliulder, often proceeding from simple hypersemia, 
BO that one is not always in a position to recognize the 
primary (Hsease. On the contrary, one has very fre- 
(|uently to content himself with the very general di- 
agiKWiH, "llajraaturia from unknown causes." 

The htcmorrhfl^es of the urinary apparatus may be 
divided according to their character into three elates : 

it. Hemoglobinuria (Vogel's haimatinuria) ; 

i. Parenchymatous hioinorrhage ; 

c. Profuse hieraorrhage from rupture of the latter 



I. rffprnoghhmnria betrays itself by a reddish-brown, 
browuisli-black, or at times lake-colored urine, which 
even after standing for hours deposits no red sediment 
of blooil-corpusclea. It retains its homogeneous red- 
bi-own color, because the blood-coloring matters are in 
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solution. The reaction is generally acid and the specific 
gravity lowered. Tte urine contains a great mass of 
lisemoglobine and metlisemoglobine. In the sediment 
we find at times epithelial (hijeraoiThagic) and molecular 
detritus, colored brown by the coloring matters of the 
blood. ■> 

II. Parenchymatous hmnorrhage exhibits a red- 
brown, often cofEee-colored urine, which after long stand- 
ing retains its homogeneous red-brown color, but which, 
however, deposits a sediment, though often very slight, 
colored red-brown by blood-corpuscles. It generally 
reacts acid, has a varying specific gravity, and contains 
in solution more or less altered hsemoglobine. 

The sediment is characteristic of parenchymatous 
hiemorrhage. We find in it blood-corpuscles of varioufl 
sizes. Often normal disk-formed corpuscles are seen, 
with a rather indistinct depression ; they also appear 
roundish, spherical, and colored somewhat brown. Fre- 
quently they ai'e quite colorless, without fluid contents, 
similar to small rings. 

In the field we often observe, besides the greater 
spheres, corpuscles only half or a quarter the usual size, 
and still smaller, down to fine dust-partlclea 

These micixKytes, which in the last few years have 
been seen so often in the blood of patients, are charac- 
teristic of parenchymatous hfemorrhages of the urinary 
apparatus, and have been recognized as such for a long 
time. 

III. Profum Jicemorrhage from the Iwrge vessels. — In 
this case we find the urine colored dark reddish-yellow, 



J 
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or red, similar to venous blood. The reaction is usually 
neutral or alkaline, and the specific gravity is varying. 
The urine contains generally only traces of blood-color- 
ing matters in solution ; only when the urine is strongly 
alkaline from carbonate of ammonia — and this is but 
seldom — considerable blood-coloring matters are found 
in solution. 

Usually such urine deposits its entire blood as a 
considerable bright-red sediment after a few hours, and 
then appears of a normal yellow color. 

Albumen arising from blood-serum is always present 
in the urine. The sediment consists throughout of nor- 
mal disk-form corpuscles, in size similar to those of nor- 
mal blood. Sometimes there appear also in the sedi- 
ment blood-clots of various shapes. 



These three forms of hgemorrhage can occur as well 
from the bladder as from the kidney-pelvis and the kid- 
ney, and consequently one is not always fortunate enough 
to know exactly from what part of the urinary appara- 
tus the haemorrhage originates. 

1. The rmciion should be first considered for the 
differential dia^osis. We find usually that the urine 
accompanying haemorrhage of the kidney is acid, and 
with haemorrhage of the bladder it is alkaline. This, 
however, is not always the case ; for these conditions 
only hold when the hBemorrhage is complicated with a 
purulent catarrh, either of the kidney-pelvis or of the 
bladder. Here, also, the reaction with litmus is not 
always to be relied upon ; for, with a profuse hsmor- 



1 
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I'liage through bursting of one of the greater vessels, the 
alkalinity of the blood may overcome the acidity of the 
urine, and we may find, in spite of the fact that the hsB- 
mon-hage doea not come from the bladder, an alkaline 
reaction. In liie manner the urine might become alka- 
line from the internal use of alkalies or alkaline mineral 
waters. Or perhaps the pyorrhcea of the kidney-pelvis 
might be so profuse that the alkali of the pus-serum 
could overcome the acidity of the urine. In auch cases 
we would have an alkaline reaction of the urine from 
hemorrhages which had not their origin in the bladder. 

On the other hand, it must not be denied that 
haamorrhages do occur in the bladder where the urine 
shows an acid reaction. This appears constant when 
there is no purulent catarrh of the bladder, and when 
the hfemorrhage is not profuse. 

The reaction of the urine with litmus alone is not 
sufficient for locating the haemorrhage. 

More important for this determination is the proof 
of a large amount of ammonium carbonate ; for when 
this is present in quantity, the probability is great that 
the hBemorrhage is from the bladder, especially if at the 
same time crystals of anunonio-magnesium phosphates 
appear in the sediment, (PL IV., B.) 

2. The color of the urine should have even more 
weight than the reaction with btmns. The older prac- 
titioners connected the red-brown and brown-black 
shades of the urine with kidney-hiemorrhagea, and the 
bright-red color with hgemorrhages from the bladder ; 
this, however, is not always the case. The brown, red- 
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brown, and brown-black tones of the urine ariee from 
decomposed htemoglbbine (methreraoglobine), and can 
only occur in those cases where the blood has been inti- 
mately mixed with the urine for a long time, at the tem- 
perature of the body — i. e., within the urinary apparatus. 
We find usually such a condition with parenchymatous 
hsemorrhi^e ; the blood mixes gradually drop by drop 
with the urine, the corpuscles remaining for a long time 
with a relatively great amoimt of fluid matters, the 
products of retrograde tiasue-metamorphosis. By this 
intimate mixing the urinary constituents have time to 
exert their destructive influence ou the blood-corpuscles, 
and finally to change the red htemoglobine to the brovm 



For this reason parenchymatous haemorrhages from 
the bladder (carcinoma of the bladder) also give to the 
urine the red-brown and brown-black color. 

It is quite otherwise, however, with profuse ha;mor- 
rhage, caused by the rupture of large vessels (bladder- 
hsemorrhoids). In such cases, at one time a great quan- 
tity of blood enters the urinary apparatus, especially the 
bladder, and quickly distends it. The unusual disten- 
tion is followed by immediate contractions of the blad- 
der, micturition ensues, and blood is passed before the 
urine has had time to decompose the hsemoglobine. 

Since bladder-hsemorrhages arise mostly through 
ruptui'e of the vessels, and kidney-hfemorrhages, on the 
other hand, are mostly parenchymatous, the brown-red 
color of the latter and the bright blood-red color of the 
former are of value for the diagnosis. 
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3. The f^ecijic gravity of the urine lias a diagnostic 
value, inasmuch as we find generally, from haemorrhage 
of the kidney and kidney-pelvis, such a condition of the 
organs that polyuria ensuea (pyelitis), in consequence of 
which the specific gravity is lowered, while with bleed- 
ing from the excretory passages there seldom arise dia- 

. eases (cystitis) which cause polyuria ; hence in the latter 
case the specific gravity is normal. 

4, Slood-coagvla. — The form of the clots when pres- 
ent in the urine sometimes shows with certainty the 
location of the hEemorrhage. 

If the coagula are soft and have the color and con- 
sistence of freshly clotted blood, then they have not 
existed for a long time. If, however, they are without 
color or appear somewhat dirty yellow, they are of older 
date and have been retained in the urinary apparatus a 
longer time. Likewise short rod-shaped clots arise at 
times fi'om the distended kidney-pelvis (Simon), and 
appear in the urine after hajmorrhage from the kidneys. 
These were formerly considered as concretions, and 
thought to consist of pui'e fibrin. (Heller.) 

The coagula which occur long and rod-shaped indi- 
cate a haemorrhage fi'om the kidney, while the lumpy, 
torn, irregular masses should come from the bladder. 
Further than this, it must be emphasized that only the 
long and rod-shaped blood-clots afford a certain indicar 
tion of the place of origin of the hsemorrh^e. If such 
forms occur, the seat of the difficulty must be above the 
ureters, for the rod-shapes are caused by passage of the 
clots through the same. We have seen a case, where a 
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man forty-nine years old, suffering from a palpable neo- 
plasm of the right kidney (with hsematuria), repeatedly 
passed blood-clots 10 to 15 centimetres long, as thick as 
a lead pencil The irregular lumps are not very charac- 
teristic, for they may occur from the kidney-pelvis as 
well as from the bladder. Blood may also pass in a 
fluid state from the kidney to the bladder, and then 



Coagula are not constant in connection with hsema- 
turia, Parenchymatoua and profuse hgeroon'hagea only 
seldom give rise to clots ; consequently they occur most 
frequently when the bleeding arises from vessels of small 
calibre. 

5. The microscopic analysis famishes the greatest 
aid to the differential diagnosis of hsematuria. 

The so-called blood-cylinders (PI. V., A) and the 
iiBemorrhagieally tinged kidney-epithelium are character- 
istic of parenchymatoua kidney-haemorrhage. In severe 
kidney-hsemorrhages, however (if they are from vesBels 
of large calibre), we do not find them. It is very prob- 
able that kidney-epithelium, at least in single cells, is 
present in the sediment ; but the great mass of blood 
present conceals these cell-forms, so that one sees 
nothing but blood-corpuscles under the microscope. 

Bladder-haemorrhages are often not characteiized by 
any microscopic indications. At times we find in the 
sediment an increased amount of bladder-epithelium and 
crystals of ammonio-magnesium phosphate. 
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described the micro-chemical characteristics 
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I of hematuria (hiemoiThagea of the urinary apparatiia) 

' in general, we will now mention those diseases which 

I afEord opportunities of observing them, and in every 

case where it is possible endeavor to furnish new 

grounds for diagnosis. 

L Hcemoglobinuria (with or without methsemoglo- 
[ binuria) occurs with hemophilia, scurvy, malignant 
I intermittent fever, putrid typhus fevers, and especially 
with those diseases which are accompanied by a so- 
called dissolution of blood ; also after inhalation of 
hydrogen arsenide, carbonic acid, and similar gases. 
, After the transfusion of animal blood we frequently 
I observe hEemoglobinuria, especially in those cases where 
a considerable quantity of animal blood has been intro- 
duced into the human organism. 

II. PareTichymatous hasmorrhage may, as already 
I stated, come from the kidney (and its pelvis) or the 
1 "bladder, or from the entire urinary apparatus. 

a. HannorrTiage from the kidneys, besides the above- 
I mentioned cases, is found usually with hiemoglobinuria 
I in the following : 

1. Sometimes with acute febrile processes, especially 
with exanthemata, where the hsemorrhage represents at 

I the same time a high degree of hyperemia, 

2. In the majority of cases of acute and chronic 
I parenchymatous nephritis. 

3. Kegularly with atheromatous degeneration of the 
I lidney-vessels. 

4. With thrombosis of the renal veins, as in general 
I cachectic conditions, puerperal fever, not seldom with 
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uterine and crural phlebitis (Cruveilhier, "Anatomie," 
Livre 36) ; further, in consequence of severe injuries of 
the kidney, at times along with traumatic nephritis ; 
also from thromboais produced by compression of tu- 
mors in the vicinity of the hilua. 

With nurslings who suffer from enteritis there at 
times occurs a thrombosis of the renal veins. Accord- 
ing to O. Pollak, one observes that after the termination 
of a diarrhoea children become icteric, a considerable 
diminution of the urinary excretion takes place, Mid in 
the sediment are found blood-cylinders, blood-corpuacl^, 
and hfemorrhagic epithelium. 

Further, kidney hsemorrhages are observed — 

5. Constantly with renal calculi, although no severe 
pyelitis may be present. AVe find then in the sediment, 
besides blood-corpuscles of various sizes and kidney- 
epithelium, jagged crystals of uric acid or calcium 
oxalate. 

6. With cancer of the kidney, besides the parenchy- 
matous hsemorrhage, we find nothing striking. Cancer- 
cells and cancerous tissue we have not found in the sed- 
iment of the urine ; still the possibility" is not excluded 
that, if the cancer develops in the kidney-pelvis, we 
might find carcinomatous tissue in the sediment. In 
small children palpable tumors of the kidney as large 
as the fist are frequently observed, with no indications 
in the urine but a slight albuminuria. Haematxiria is 
therefore not a constant but a very frequent symptom 
of new growths in the kidney. 

7. With renal phthisis or with cheesy inflammation 
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of the kidney,the kidney-pelvis, and the ureters, we find 
in the sediment, besides microcytes, kidney-epithelium, 
pus-corpuscles, much molecular detritus, great quantities 
of vibrionea and micrococci, and at times waxy cylinders, 
together with such as consist of vihriones and micrococci, 
b. Hcemorrhage fwrn the bladder is observed — 
1. With stone in the bladder and with catarrhal ul- 
cerations of its neck. The hsematuria is of a lighter 



In both cases, however, small blood-corpuscles (mi- 
crocytes) are not obsen-ed in the sediment. All are of 
normal size. If a complicating bladder-cataiTh is present, 
the urine reacts alkaline, and in the sediment we find, 
besides blood- and pus-corpuscles, crystals of ammonlo- 
magnesium phosphate and bladder-epithelium. 

Hsematuria from bladder-stone becomes worse by 
exercise. The patient, therefore, should rest in bed. 
The hsematuria from catarrhal ulcerations, which occurs 
in the neck of the bladder usually after gonorrhoea, 
exhibits itself toward the close of micturition, when the 
sphincter vesicae begins to contract. 

2. With papilloma of the bladder and with carcinoma 
viUosum arises also parenchymatous lisemon'hage from 
the papillary growth of the mucous membrane. In the 
sediment we'find not infrequently beautifully recogniz- 
able necrotic cancer-tissue, ^vhich confirms the diagnosis. 
However, one single microscopic investigation of the 
sediment does not suffice, since the cancer-tissue is not 
voided at each micturition. (For further particulars see 
section on villous cancer of the bladder.) 
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lious hwrnorrhage from tlie entire uri- 
nary apparaiua occurs — 

1. Sometimes after the e\"acufltion from a paretic or 
paralyzed bladder and after catheterization. If for sev- 
eral yeai's, on accomit of a paralyzed bladder, a portion 
of the urine had been accustomed to remain in it after 
micturition, and suddenly the entire amount is drawn 
off by a catheter, there ariaes necessarily a hypertemia 
ex viteuo, which becomes the more intense accordingly as 
the muscles of the bladder have become hypertrophied, 
rendering complete contraction impossible. Since also 
the eecretoiy pressure in the kidney, which before was 
obliged to overcome the weight of the residual uiine in 
the bladder, meets with no such resistance after cathe- 
terization, a parenchymatous hteraorrhage ensues. 

2. Parenchymatous hemorrhage from the entire ap- 
paratus, but especially fi-om the bladder, is observed in 
Egypt as a consequence of Bilharzia hrematobia. There 
arises embolism of the vessels of the mucous membrane 
caused by the eggs of the Distoma haematobium. In 
such eases we find in the sediment, as already mentioned, 
little blood-coagula which the microscope shows to be 
imbedded with the long oval eggs of these parasites. 

III. Severe licemorrliages of the large vessels occur only 
from new growths and a varicose eonditiom of the neck 
of the bladder. 

With new growths (villous cancer of the bladder) 
they only occur profusely when the cancer has existed 
for a long time and becomes ulcerated. With the so- 
called bladder-hEBmorrhoids the bleeding takes place so 
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suddenly and profusely that tlie patient after one or 
two days becomes quite anEemic. It takes usually only 
a few days to destroy a perfectly healthy condition. 
Such hsemorrhages may occur after several months or 
several years. In the sediment we find nothing but 
blood-corpuscles of normal size and character. 

In diphtheritic and croupous processes in the blad- 
der, such as occur in consequence of so-called blood-dis- 
solution, we find also blood in the ichorous, putrid, and 
alkaline-reacting urine. 

3. Cysto-Pyelitis and Pyelo-GystUis. 

By these terms we understand a punilent catarrh 
which at the same time has involved the pelvis of the 
kidney, the ureter, and the bladder. If the pelvis of 
the kidney is principally the seat of the disease, it is 
designated as cysto-pyelitis ; if however the bladder is 
most involved, then the disease is called pyelo-cystitis. 
Whether pyelitis or cystitis predominates is determined 
by the prevailing characteristics of the disease. 

If pyelitis prevails, polyuria \s generally present, the 
uiine has a neutral or slightly alkaline reaction, the 
specific gravity will be lowered, and the purulent sedi- 
ment will not stick to the glass. Albumen is found in 
greater proportion than the contained pus warrants, and 
in the sediment we find (besides pus-corpuscles) kidney- 
and bladder-epithelimn and isolated triple-phosphate 
crystals. The pus-corpuscles seem to be well preserved, 
and sometimes to be pressed together in cylindrical 
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If, on the contrary, cystitis prevaile, then polyuria is 
not present, and the urine reacts strongly alkaline and 
has a normal or slightly lowered specific gravity. The 
sediment is glutinous, and the alkaline pus sticks to the 
glass. Albumen is present in greater mass than corre- 
sponds to the contained pus. Carbonate of anunoniom 
is present in considerable amount. 

In the sediment we find the pus-corpuscles much 
swollen and a great abundance of triple phosphates ; we 
also find isolated scales of kidney- and bladder-epithe- 
lium. 

Cysto-pyelitis and pyelo-cystitis occur very frequent- 
ly with stricture of the urethra, hypertrophy of the 
prostate, and with paresis or paralysis of the bladder. 

From cystitis or from pyelitis arises very often, 
through contiguity, cysto-pyelitis or pyelo-cystitis. It 
even happens that cystitis alternates with pyelo-cystitis 
and pyelitis with cysto-pyelitis. 

Cysto-pyelitis as well as pyelo-cystitis can be caused 
by all those noxious circunaatances which bring about , 
cystitis and pyelitis. (See sections on Cystitis and Pye- 1 
litis.) 

The prognosis depends upon the {etiological indicaf^l 
tions and the severity of the prevailing disease. 



C. Forms of False AUniminuria. 

The false albuminuria differs from the true and 
from the mixed form, in that the albumen is always 
present in quantities corresponding to the contained 



DISEASES OF TEE URINARY APPARATUS. 347 

pua or blood. The albumen found is that of the pus or 
blood-serum. If both Buddenly disappear from the 
urine — for instance, a few days after the opening of an 
abscesa in the bladder, or as happens after the bursting 
of a varis in the neck of the bladder — then the albumen 
also disappears from the urine. 

From the foregoing we see that true albuminuria is 
only brought about by changes in the kidney, while the 
origin of the false is always in the excretory passages 
and bladder. During the diseases of the pelvis of the 
kidney, on account of the immediate contact with the 
kidney proper, a form of mixed albimiinaria occurs, 
which we have previously alluded to. There remains 
much to be said concerning the diseases of the bladder 
and urethra, for these give rise to different forma of false 
albuminuria. 

1. Cystitis — Sladder-Catarrh. 



We distinguish a chronic and an acute bladder- 
catarrh, aud with each of these three grades. 

In bladder-cataiTh of the first grade, the urine con- 
tains neither albumen nor pus, but simply a much 
increased mucus, and possesses a slight acid reaction. 
In the second grade the urine reacts alkaline, contains 
albumen and pus, and has a glutinous greenish sediment. 
In the third grade we have a putrid viscous urine with 
a strongly alkaline reaction, containing much albumen, 
pus, and blood. This is followed by ulcerative pro- 
ceases in the bladder, often complicated with suppura- 
tive nephritis. 



1 
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The nrine from bladder-catarrh shows generally an 
alkaline reaction, and many practicing physicians diag- 
nose this by the litmus test. 

While this is generally tnie, there are also cases 
when with cystitis the nrine gives an acid reaction. 
This is for the most part noticeable in freshly passed 
mine, which, however, becomes alkaline in a few honra 



a. Acute Ekfider-Catarrh., first grade. 



—The amount of urine is not increased ; 
it has a normal or dark wine-yellow color and is turbid. 
The specific gravity remains unchanged. The reaction 
is weakly acid, but in a few hours becomes alkaline. 
The sediment is considerable, but cloudy, not compact. 

The normal constituents are tmchanged. 

Of the abnormal constituents, we find carbonate of 
ammonium in small amount ; albumen is not pres- 
ent. 

The sediment consists chiefly of an increased cloudy 
mneous secretion. Microscopically we find mucus-cor- 
puscles (young cells) and a small amount of bladder- 
epithelium. After a few hours we find also single ciys- 
tals of ammonio-magnesium phosphate. 

The acute bladder-catarrh of the first grade represente 
generally a partial disease of the mucous membrane^ I 
such as occurs with prostatitis after gonoiThcea, or after ^ 
instrumental investigation of the bladder and urethra. 
In women with malpositions of the uterus such a bladr 
(ler-catarrh usually accompanies menstruation. 
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h. Chronic Bladder- Catarrh, first graile. 

This form is characterized by a wine-yellow, very tur- 
bid urine, with a normal specific gravity, and whose 
twenty-four hours' amount is not increased. The reac- 
tion when first passed is acid, but in a few hours changes 
suddenly to alkaline. The sediment is considerable and 
doudy. Sometimes the urine, when freshly passed, with 
an acid reaction has a peculiarly strong urine odor. The 
turbidity does not settle, and consists in great part of 
bacteria. 

The excretion of normal constituents is not al- 
tered. 

Of the abnormal constituents, carbonate of ammo- 
nium is present in small quantity ; albumen is not pres- 
ent. 

The sediment consists mainly of an increased cloudy 
mucous secretion, with bacteria. Microscopically we 
find single mucua-corpuscles, and also bladder-epithe- 
lium. After a few hours we find single triple-phosphate 
crystals in the sediment 

Such urine is constant with persons who find them- 
selves obliged to employ catheters for the passage of 
urine, as with hypertrophy of the prostate, paresis of 
the bladder, and similar hindrances to urination. This 
first stage of bladder-catarrh occurs without exception 
in old women who have borne many children, or have 
been subjected to cireumstauces which lead to diseases 
of the uterus. 
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c. Acute Bladder-Catarrh, second grade. 

This differs from the first grade chiefly by the pus 
contained in the mine. 

The mine has a dark wine-yellow color, and is tur- 
bid. The turbidity consists of mucus and pus, while in 
the first grade we only find mucus. The specific gravity 
is normal. The twenty-four hom^' amount is not in- 
creased. The reaction of the freshly passed urine is 
alkaline. The sediment is greenish-yellow, and sticks 
fast to the glass. 

The excretion of the normal constituent is only so 
much altered that a part of the urea has changed to car- 
bonate of ammonium. 

Of the abnormal constituents, albumen is present 
in amount corresponding to the pus contained in the 
sediment ; ammonium carbonate is present in consider- 
able quantity. 

The sediment consists principally of an alkaline pus 
mixed with crystalline and amorphous eai-thy phosphate. 
Microscopically we find single blood-corpuecles, urate of 
ammonia, and much bladder-epithelium. 

Such urine is found with hypertrophy of the pros- 
tate, after using the lithotrite on large and hai-d stones, 
after dilatation of strictures, after catheterization and 
other instrumental investigations ; further, through con- 
tinuity, with gonorrhoea and acute prostatitis ; and final- 
ly, after catching cold, especially from exposure to cold 
and moisture. In women, an acute bladder-catarrh with 
pus is sometimes observed after operation on the uterus 
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and vagina, with perimetritis and pericystitis, and after 
exhibition of cantharides, copaiva, and similar powerful 
drugs. Badly fei-mented new beer should also be enu- 
merated as a cause. 



d. Chronic Bladder-Catarrh, 

Chasract&ristics. — A turbid wine-yellow urine, the tur- 
bidity being caused by pus-corpuscles and bacteria, while 
in the chronic bladder-catarrh of the first gi'ade it is oc- 
casioned by mucus and bacteria. The twenty-four hours' 
amount is not increased. The specific gravity is normal. 
The reaction even when passed is alkaline. The sedi- 
ment is greenish-yeUow and sticks to the glass. 

The excretion of the normal constituents, as also in 
the acute catarrh, is only so much altered that a greater 
part of the urea has changed to carbonate of ammonium. 

Of the abnormal constituents, we find albumen in 
the urine in amount corresponding to the pus in the 
sediment, and much carbonate of ammonium. 

The sediment consists chiefly of alkaline pus mixed 
with crystalline and amorphous earthy phosphates. 
The pus-corpuscles are found greatly distended, their 
contour destroyed, and their nuclei coming out. Often 
we only find free nuclei, imbedded in a homogeneous, 
turbid, ground sediment, and besides these bacteria and 
single bladder-epithelium cells. 

Often the pus is completely dissolved in a urine rich 
in ammonium carbonate, whereby the nriue becomes 
sirupy and has a stringy consistence. 
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Such urine is found with hypertrophy of the pros- 
tate, paresis of the bladder, and with serious strictures 
and similar impediments to the urinary excretion. 



I 



e. Acute Eladder-CaAarrh, third grade. 

This grade embraces those processes which are 
designated as parenchymatous cystitis and pericystitis. 

While we are unable always to diagnose these dis- 
eases by the investigation of the urine alone, it assists 
the diagnosis very materially, in that by the analysis we 
can not overlook a severe form of purulent bladder- 
catarrh. 

If the amount of pus is very disproportionate, then 
we may suspect the discharge of a bladder-abscess. 

The uroscopic indications are similar to those of 
acute bladder-catarrh of the second grade, with the 
exception that the purulent sediment does not stick to 
the glass and is mixed with blood in greater propoi-tion. 
Albumen is present in larger amount than corresponds 
to the pus and blood contained in the urine. 



/. Chronic Bladder-CcUmrh, third grade. 

This is a purulent catarrh complicated with ulcer- 
ative processes in the bladder. 

The urine is of a dirty brown-yellow color, and has 
a cadaverous odor. The reaction is strongly alkaline. 
The turbidity proceeds from bacteria and blood- and 
piis-corjiuscles. The specific gravity is elevated. The 
sediment is dirty yellow and sticks to the glass. 
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The excretion of normal constituents ia diminished. 

Of the abnonnal constituents, we find much albu- 
men, blood-coloring matters, carbonate of ammonium, 
and sulphide of ammonium. 

The sediment consists of alkaline-reacting pus mixed 
with blood and earthy phosphates. Microscopically we 
observe in large quantities bacteria, molecular detritus, 
and single cells of bladder-epithelium. 

This process comes from paralysis of the bladder 
and high stages of prostatic hyjiertrophy. It is com- 
plicated by suppurative nephritis or pyelo-nephritis. 
The appearance of uraemia or ammonEemia then closes 
the scene. 

Similar unne comes with tuberculous ulcerations of 
the bladder and with diphtheritis. 

With croupous processes in the bladder, which some- 
times occur with women, very large plates of reddish- 
white membrane are excreted with the mine, which 
consist of fibrine. They are often from the size of a 
half dollar to that of the hand. 

Very often upon the passage of the urine cysto- 
spasmus is confounded with bladder-catarrh, because 
the symptoms of both diseases are very sunilar. The 
investigation of the urine alone can determine the dif- 
ferential diagnosis. 

With vesical spasms the urine is generally clear, and 
in case of turbidity this arises from earthy phosphates 
which come down on excretion. The urine is moreover 
pale, and reacts weakly acid or neutral. 

By the heating test the urine becomes turbid, for by 
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this means the earthy phosphates and carbonates fall, 
which are again dissolved on addition of acetic acid. 
Sodium carbonate is also sometimes present. 

Albumen, pus, ammonium carbonate, etc., in contrar 
distinction to cystitis, are not present. 

In the sediment we find calcium carbonate, crystal- 
line calcium phosphate, and amorphous earthy phos- 
phates, Triple phosphates and bladder-epithelium are 
wanting. 

2. Nmo Qrfmthn in the Bladder. 

Since the hBemorrhages of the bladder and their 
Betiological conditions have been described in the sec- . 
tion on hfematuria, we will only allude to them in so far 
as they are in close connection mth bladder forma- 
tions. 

The following growths are found in the bladder : 

(o.) Simple fibrous polypi, which project into the 
cavity of the bladder ; these are of rare occurrence. 

(J.) Medullary sarcoma ; also of rare occurrence. 

(e.) Epithelioma. 

((/.) Villous or vascular tumors. 

1. Fibrous pohjpi cause simply a bladder-catarrh of 
the second grade, and only when ulcerated do we find 
blood in greater or less amount in the sediment. 

No histological elements characteristic of this form 
of tumor are found in the sediment. We can not there- 
fore diagnose this formation from the analysis of the 
urine. 

2. MeduUary sarcoma. — The same is tnie of medul- 
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lary sarcoma, except that in later stages it causes a 
bladder-catarrh of the third grade. The urine is at times 
greenish-brown, with a strongly putrid odor. In the 
sediment we find much molecular detritus, but other- 
wise no characteristic elements which seiTe for the 



3. Epithelixyma generally develops slowly, and some- 
times occasions a bladder-catari'h of the second and 
sometimes of the third grade. The sediment is always 
more or less blood-colored. 

The microscopic investigation develops oftenest (be- 
sides blood- and pus-corpuscles) numerous peculiar email 
epithelial cella, which now and then appear in such 
lai^e quantity that their number seems to equal the pus- 
corpuscles. 

The epithelial cells are smaU, round or oval, not dis- 
similar to kidney-epithelium. Sometimes they may be 
caudate, showing two or three small projections. The 
nuclei are frequently very large and brightly glistening, 
and several are visible in the same cell. Sometimes ten 
or twelve of these cells hang together and form an epi- 
thelial shred. (PL VIII., B.) 

One is not justified in diagnosing epithelioma from 
the appearance of the various cell-forms in the sediment. 
If, however, a suspicion exists as to its presence, it is 
greatly strengthened by the indications of the micro- 
scopic investigation. 

4. Villous or vasouldi' tmnors can always be recog- 
nized fi'om the investigation of the urine. 

At times two kinds may be distinguished : 1st, the 



ANALYSIS OF TEE URINE. 



papillary growth (papilloma) of the mucous membrane ; 
and 2d, villoua cancer proper. 

Pareuehyinatous hasmorrhages are common to both 
forme, which may be accompanied by a bladder-catarrh 
of the second or third grade. In the first case only, 
after the sloughing off of the papillary growth which 
has become necrosed, healing may take place ; while in 
true villous cancer a cachectic condition arisea, which 
soon carries off the patient. 

The villous cancer consists of a more or less soft 
mass, which, being of the consistence of medullary tis- 
sue, appears to involve the back and under wall of the 
bladder, so that the thickeuing or tumor may be felt by 
introducing the finger into the rectum. Upon this 
tumor, forming at the same time its covering, the true 
cancerous tissue develops itself. This consists of dilated 
capillary vessels and a thinner or thicker layer of epi- 
thelium. 

Papilloma of the bladder, on the contrary, is confined 
simply to the mucous membrane. We are imable to 
find a thickening of the bladder-wall or a tumor from 
rectal investigation. 

From the fact that such a difference exists between 
these two forma of bladder-growth, the question arises 
whether we may not be able to diagnose them with cer- 
tainty from urinary investigation alone. This, however, 
is not possible, because not infrequently papilloma of 
the bladder after a time passes over into villous cancer. 
Although there are some characteristic indications for 
the microscopic recognition of villous tissue, they are 
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not Bufficieut to insure a correct differential iliagno- 
sis. 

If we find beautifully constructed villous tissue in 
fine branches, with a very thin epithelial covering, we 
generally suppose that we have to deal with a papillary 
growth in the bladder. If, on the contrary, we find 
villous tissue ^vith a thick epithelial covering, so that 
one can not distinguish the broadened vessels of the 
villus, we conclude usually that we have a villous can- 
cer to treat. 

These indications from the urine are, however, leas 
weighty than the local proof of a swelling in the blad- 
der-wall and the accompanying cachectic condition. 

On account of the difficulty in separating these two 
forms of villous tumor of the bladder, it seems proper 
to treat them here as possessing characteristics common 
to both. 

The mine shows the following characteristic indicar 
tions with villous tumors : 

The twenty-four hours' amount is increased. The 
specific gravity is nonnal. The color of the urine, as 
with parenchymatous hsemorrhage, \& red-brown to 
brown-black. The turbidity is due to blood- and pus- 
corpuscles. The reaction is generally, though weakly, 
acid. Only when the villous tumor begins to increase 
rapidly, and the accompanying bladder-catarrh causes a 
greater excretion of pus, does the urine possess an alkar 
line reaction. The sediment is fine and flocculent, 
brownish to brown-red in color, and contains reddish or 
flesh-colored little fibres or larger similar shreds. 
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The couBistence of the urine is usually that of a thin 
fluid, though there occurs sometimes with villous tumors 
(but only temporarily) a fibrinuria with its peculiar 
gelatinous appearance. This ia the only disease of the 
uiinary organs in our latitudes in which even a transi- 
tory fibiinuria has been observed. 

The urine when freshly passed appears as a thin 
fluid ; but in a few minutes it suddenly stiffens to a 
jelly-like mass, which can scarcely be poured from the 
vessel. After long shaking the urine again becomes 
fluid, and may be used for further investigation. The 
color of the mine with fibrinuria is not always in- 
tensely bloody, but sometimes only slightly reddish 
yellow. 

Fibrinuria (with \t11ous tumor) is always accom- 
panied by severe strangury. One can easily understand 
that with strong spasmodic muscular contractions of the 
bladder a compression of the blood-vessels penetrating 
the muscular layer follows. Since the veins, because of 
the thinness of their walls, are more compressible than 
the arteries, there must arise a stasis in the vessels of 
the villous tumor. If the tension is very great in the 
vessels, a rupture of them may occur, and hfemorrhage 
into the bladder ensue. If, on the other hand, the ten- 
sion is not sufficient to rupture the vessel-walls, then the 
plasma exudes from the capillaries, and coagulates after 
the excretion of the urine because of the contained 
fibriue. * 



• Snch a fibrionria caused by si 
in three cases. 



■e atrangury has been observed by n 
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The excretion of normal matters with villoua tumoi-s 
is not altered. 

Of the abnormal constituents, albumen and blood- 
coloring matters are found in considerable quantity. It 
IB especially to be remarked, that with villons tumors 
there is always more albumen in the urine than corre- 
sponds to the amomit of pus or blood in the sediment. 
This condition depends upon the increased tension with- 
in the supplying vessels of the villous tissue. 

Since these appearances, accompanied at the same 
time by an acid reaction of the urine, are very similar to 
the indications of trae albuminuria, one must be ex- 
tremely careful in such cases not to diagnose a kidney- 
affection without having distinctly recognized kidney- 
cylinders in the sediment. This precaution is the more 
necessary, as the inexperienced may easily confuse single 
delicate villous shreds with kidney-cylinders. 

Anunonium carbonate is not always provable. 

The flocculent sediment is usually brownish, with 
severe bladder-catarrh dirty yellow, and with profuse 
haemorrhage after rupture of a blood-red color. The 
more blood or pus the urine contains, the more difficult 
it is to recognize the characteristic tissue-fibres which at 
times are very sparingly present. With profuse hfemor- 
rhage especially it is only an accident if in the great 
amount of blood one finds a characteristic lump. With 
a purulent sediment one must also be very careful, al- 
though the red lumps or flakes are much easier to be 
found in the greenish pus than in the dark blood. We 
therefore choose a compai'atively clear and less bloody 
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urine for the searcli for villous tissue. After the sedi- 
ment has sufficiently settled, it should be emptied upon 
a watch-glass, and the red flal:e8 removed on a needle or 
pincette and placed under the microscope. 

The chief constituent of the sediment is blood alone, 
or blood mixed with pus. The blood comes mostly in a 
fluid state, though frequently we observe clots of various 
sizes in the sediment- These are distinguished from 
villous tissue by the fact that they appear dark black- 
red, while the latter are usually flesh-colored. Often, 
however, we find villous tissue inclosed in the clots 
of blood. The blood-corpuscles show the same forms 
as in parenchymatous haemorrhage ; we find them of 
various sizes and spherical shape (microcytes). 

Villous tissue apjjeara in various forms, according as 
the urine possesses an acid or alkaline reaction. It is an 
error to suppose that the villous tissue appears as beau- 
tiful and unchanged as is generally represented in the 
text-books. An unchanged representation of the living 
viUous tissue never occui's in the sediment. Such can, 
however, be observed when accidentally a small frag- 
ment of the fresh growth has been detached and 
brought out in the oriiice of the catheter. Usually 
only necrotic villous tissue is perceived, and this under 
the microscope may appear in numerous forms. These 
become necrotic and are east off by the bui'sting of ves- 
sels in the villus. 

In the commencement of the disease we find the 
most perfect villous tissue. We observe then not in- 
frequently, under the nucroscoiw, a small ehred-like 
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stnietiu'e, from which the tiasue extends similar to the 
fringe of a napkin. The thinner the epithelial covering, 
so much more distinctly are seen the villi. Since the 
necrotic villi and their vessels are for the most part rap 
tured, we find lint seldom unaltered blood-corpuscles in 
the lumen of the dilated tubes. Beautiful villoua tissue 
is found especially with papillary hypertrophy of the 
mucous membrane of the bladder. (PI. VIIL, B.) 

One is not always so fortunate in his investigations ; 
for, eapeciaUy with the proper villous cancer, having a 
thick epithelial covering, it is very difficult to find dis- 
tinct viUL The epithelial covering of the necrotic villi 
is in a state of molecular disintegration, so that the 
divisions of the single cells are no longer apparent. It 
is infiltrated with blood- and pus-coi-puacles and teeming 
with bacteria. Sometimes one sees in this molecular 
mass true branching forms which show the ground- 
structui'e and blood-vessels of the vUlous tissue. 

Although histologically in such cases we have no 
characteristic points for recognizing true villous tissue, 
yet there are other very important mieroacopic data 
which confirm the diagnosis of the same. They are as 
follows : 

Under a high power of the microscope, if one ex- 
amines the pecrotic tissue, we find single spota of the 
epithelial covering coloi'ed brownish. On examining 
these spots more carefully, we observe, if the urine 
possesses an acid reaction, beautiful yellow or brown 
rhombic plates of hsematoidine, and yellow grassy forma 
which consist of the same coloring matter. If we per- 
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mit a drop of HNOg (fuming) to flow under the cover- 
glass, then we observe under the microscope that the 
brown-yellow spot, and even the entire necrotic \tI1ous 
tissue, becomes successively green, blue, and Wolet. 
Hiematoidine is a characteristic proof of old haemor- 
rhagic tissue, and is to that extent of diagnostic signifi- 
cance for bladder-cancer. 

In such necrotic pulpous tissue not seldom peculiar 
crystals are found, which, as we learn from better pre- 
served specimens, are peculiar to villous tissue, and are 
found in the urine only in connection with it. These 
are small, colorless, round rosettes, which are only 
soluble in concentrated acids and alkalies, and that 
without evolution of gas. DUuted acetic acid does not 
alter them. They consist most probably of oxalate of 
calcium, since they effeivesce actively upon addition of 
acids after strong heating. These supposed calcium- 
oxalate crystals we find, as before stated, only in 
the parenchyma of villous tissue, and only in acid 
urine. 

If the urine is strongly altaline, and a considerable 
purulent bladder-catarrh is present, we find the necrotic 
tissue perfectly incmsted with earthy phosphates and 
ammonium urate. The patient has a disrinct sensation 
as if sand had passed the urethra, and generally desires 
an examination for stone. 

On examining the soft parts of these inerusted flahes, 
we find them to be infested with bacteria, accompanied 
by homogeneous structures, groups of fine needle-formed 
crystals (crystalline phosphate of lime), and large crys- 
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tala of ammomo-magneBium phosphate and urate of am- 
monium. Sometimes in this incruated flake we may 
find a portion of the hai'd groimdwork of villoia 



3. Bladder-i^xme, 

If a stone is present in the bladder, we generally 
find blood in the urine after strong bodUy exertion, 
which disappears after a long rest. With stone the day 
urine is consequently accompanied by more blood than 
the night urine. In this characteristic it differs from' 
other foiTna of hBematuria, in which the mixture of blood 
is constant at every evacuation. 

Bladder-stones frequently set up a bladder-catarrh. 
If the stones are small and have a smooth surface, i. e., 
stones consisting of uric acid, then we find only a blad- 
der-catarrh of the fii-st grade. If, however, the stone is 
larger or has a rough surface (oxalate, phosphates), we 
then find a purulent bladdei'-catarrh of the second grade. 
The hsemoiThage will be more severe, as the stone is 
rougher upon its surface. 

When there is present a smooth stone, the reaction 
of the urine is usually acid. H, however, a profuse 
purulent catarrh accompanies the stone, the reaction will 
be alkaline. 

It is important to consider whether a kidney-affection 
or pyelitis exists in complication with the bladder-stone, 
since it may be the case that, besides the stone in the 
bladder, we may also find concretions in the kidney- 
pelvis. We have then the indications of cysto-pyelitis 



264 ANALYSIS OF THE UEFyS. 

with h^inon-lk^e. (See the section on Mixed Allau- 
minuria.) 

The detennination of the chemical constitution of 
the stones depends upon the chemical constituents of 
the urine ; for the cryBtalline and amorphous forms in 
the sediment constitute the outer hiyer of stone. The 
kernel in most cases consists of uric acid, since, in our 
experience, of 100 bladder-stones 90 per cent, contained 
the uric-acid kernel. 



4. Diseases of the Urethra wnd Prostate. 

These do not essentially change the character of the 
urine. With acute and chronic prostatitis, and also with 
hypertrophy of the prostate, occurs usually a bladder- 
catarrh of the first and second grades as a complication. 
To the acute and chronic prostatitis is added generally 
a bladder-catarrh of the first grade ; to hypertrophy of 
the prostate, corresponding to the retention of urine, 
sometimes a chronic bladder-catarrh of the first and 
sometimes of the second grade. With prostatic hyper- 
trophy of high degree, usually spermatozoa are found in 
the urine. It appears that the growing glandular tissue 
presses upon the muscular walls of the ductus ejacular 
torii, and thereby allows the escape of the spermatic 
fluid. 

With gpennatorrhcea the urine is generally neutral 
or alkaline. It becomes cloudy on heating, and the pre- 
cipitable earthy phosphates fall and dissolve upon addi- 
tion of acetic acid (Heller's bone-earths). Albumen 
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is not present. In the sediment we find, besides nu- 
merous spennatozoa, calcium-carbonate and caleium- 
pbosphate crystals, and sometimes also ammonio-magne- 
sium phogpiate. In the urine after the escape of semen 
we constantly find spermatozoa ; it is therefore very im- 
portant, before a diagnosis of spermatorrhcea is made, to 
ascertain whether passage of the urine brought for ex- 
amination has been immediately preceded by a pollu- 
tion or coition. 

With acute and chronic goiiorrhcea we find in the 
sediment pus-corpuscles and single cylindrical epithelial 
cells fi'om the urethra. Albumen, however, is not prov- 
able in the urine. 

Should it be doubtful whether the purulent sedi- 
ment of the urine aiiaes from the ui'ethra or a higher 
portion of the urinary tract, the patient should (accord- 
ing to Thompson) ui'lnate into two vessels. The first 
half of the evacuation would contain the pus from the 
urethra, while the second portion would contain only 
the catarrhal secretion of the bladder or the kidney- 
pelvis. 

The so-called gonorrhceal threads which almost con- 
stantly appear in the urine of gonorrhcea, even after 
normal healing, ai'e usually catarrhal secretions from the 
ducts of the aecessoiy glands of the urethra. Only the 
very long threads, which are seldom found, are formed 
in the urethra itself. 

Two kinds of gonorrhceal threads may in general be 
distinguished. The first ai-e thicker and longer, and 
have not infrequently a knob-like swelling on the end. 
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These arise usually frcnn the pars prostatica uiethrae. 
The second are thin and short, and show no knob-like 
swelling. These arise generaU j from Littre^s ^ands of 
the urethra. 

Such a thread under the microeoope is seen to con- 
sist of pus-corpuscleSy mixed with small cylindrical epi- 
thelial cells imbedded in a homogeneous ground-sub- 
stance. (PL VL, A, 2.) 

With croup of the urethra appear small and white, 
filmy or tube-formed structures, mixed with pus and 
blood. These consist of fibrine, and are washed out by 
fte rtream of ^oe. 
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PLATE I.— A, 
1. Epitheliuni from Ihe Straight tubea of the kidney. Tbe cyliDdrJcal cells come from 
the pSirt ueari-st the patillla, the others from the higher tubulea (inedultsrj rajs). 
After long standing these become spherical. — 2. Epithelium from the kidney, 
H pelvis, HDd ureters.. — 3, Epithelium of the bladder.— 1. Epithelium of the pros- 

^L tate. — S, Epithelium of Cowper's glands. 
B PLATE I.— B. 

I 



< Epithelikini of the mnle urethra.— 2. Epithelium of the female urethra.— 3. Epithe- 
linm of Littri'a glands. Plate I„ A, 4 and 5, aud BtWi \ ,^, \ w■^ '^, ^S' 
" it tbe so-called cjibdrical epvlheViuro. — k. \BJt\iML\ evvAit\v.\TO. 
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PLATE III.— A. 

1. Nitrate of urea, MBeeti when a drop of HN'Oi ie allowed toflan under the corer-glaas. 
Rbombia and hexagonal plates. — % Oxalate of calcium, aa the nnUre aedtnient 
of an Bcld urine. Tetragonal uctahedrooa and the so-ealled hour-gl:i«s fonUB. 
PLATE III.— B. 

Triple phoipbateo (NH,)H,P0. + eH|O. The c:oiiinioD eoflln-lid crjBUls at the bot- 
tom of the fleure, and above the fem-leavcd crystals of the Bame, u seeo wh^n 
qutoklj precipitated by addition of ammonia. The crjaiaU in the upper right. 
band corner are crjetala of phosphate of ca\cuMa, ot t\i« ts«m'ji». Wl^V- ■ 
SBtO, froia a veahlyacid urine, with a tecdeue^ t 
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PLATE IV,— .^. 
Leucioe and tjrosine; sedimenl from acme jellow atrophy of the liver, shcavra of 
tvrosinB needles, and the drop-like forms of leucine, witli bkihII double spherei 

PLATE IV,— B. 



The ledimeDt of Blkaliue feric 

double ipherei of unmoiiium 
pbaCea mlied with bacteria. 



: tile eoffln.lid triple plio,"phiites ; the broim 
(c, and the amorphou* tribaaie valelum pUoa- 
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1. HKiuiD, or chloride ofliB 
a. drop of urine evapoi 
acid to flow under tl 
blood -cyllader. 



ilaiiieil by adding n grain of sail to Uie residue of 
n objeol'glasiii, nod then illo'i ing a drop of acetii- 
— 2. lilood-corputicleB of tutioub forniB, uid ■ 



te of Bodium, the umorpbi 
tala of calcium oxalate and 
make up the sedimeot ol a febrile 



PLATE v.— B. 
precipitate (eediuicniu 
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PLATE VI.— A. 

1, Cjedne : the powder of & aydtine stone diasolved in ammoniB, &nd evaporated o 

aa obJeoC-glaBl ; beia^onal plates, colorleax. — 2. Gocorrhixal thread, the c&lai 

rhal secretion from the acoesBors glands of the urethra. — 3. Spermatozoa. 

PLATE VI.— B. 

C'akiam carbonate, selilom I'ound ; sediment of un alkaline urine, epberee, dumb-bells, 



and granular precipitate, found ueuallj ti 



with the eaTCU^ ^lui».TjV»a»». 
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PLATE VII.— B. 
. The ordinary pus-corpuBclca. — 2. Those with prolonRK lions showing amtelM^d 
■3. Corpusclpj with their nuclei rendered distinct by adding acetic 
, 1 oriiincleB as altered bj ehroaie pjelUii", — 5. Corpuscles swollen b^ 
lu of carbonate ofai 
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PLATE vni.— A, 
1. Te*Bt fungi— 2. Penicillum gUucuro.— 3. Parcit 
with detached hooka. 

PLATE VIIL— B. 
I. Cuicer elemenM, u aeeo in the eedimenl of medullary epithelial 
der. — 2. A fragment of cancerous villous tissue of seldom 
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etc. 1 vol., 8vo, 548 pages Cloth, J5.00*; Sheep, 6 00* 

Practice of Kedicine (/n th-om.) 

BASTIAN (H. CHARLTON, M. D., F. E. S.) The Beginnings of Life; 
being some Account of the Nature, Modes of Origin, and Transfor- 
mation of the Lower Organisms. With upward of 100 Illustrations. 
2 vols., 12mo Cloth, fi 00 

Dlaeaaes of Nerves and Spinal Cord (7» preu.) 

On Paralysis from Brain-Disease in its Common Fonna. 1 vol., 

18mo Cloth, , 1 76 



BELLE VIE ATO CHABITT HOSPITAL REP0ET5. Efited br Prot 

W, A- Htannond. M. D. 1 toL, *to * |4 00* 

BE3r5XT (J, R.J Whiter azLd Spring on tbe Snores of ;be Medhora- 
B««2i : or. in« BI-rli^raL Meatoc^. lulj. Corsets SkiIt. Alseria, Spcn. 
and Biarriu, m Win:«r Cicutfes. Bj J. Henrr BeanccTSL D^ M»- 
ber of tb« Bojftl CoZe^ of Phjs.tijics. Lootdcn. Widi ■oncroixs 
Ufaetntioiu. 1 toL Ifao. Xeir rerised e<2tioii Oodu 8 SO* 



On tb« Tre«:cient of Piilzc-xurj Consmnpaon. bj Hjneiie. 



^mase. and Medicine. 1 toL tain 9to Clodu 1 M* 

BILLBOTH a>r. THEODOB>. General Scrgical Pa^holof^ and Tnerar 
peotka. A Texs-book for Scidenzi and 'Fhjm.dans, Bj Dr. Tbeo- 
dor Billroth. Professor of S- ir g e ry in YiemuL From tiie eighth 
German edition, hj special p»er=i«ion of the asdior, bj Chari» E. 
Haekle J. 3L D.. S^rareon to the Sew York Ere and Eat Infirmarr ; 
Pbyridan to the XeV York HospiuL Favlh iaafcHi ^aOm, niM 

iToL. «vo Cloth, $5.00^; Sheep. 6 00* 



BUCK (GUBDOy;, Conrribctions to Bep«xiTe Snrgerj. sbowinir its 
Application to the Treatment of Deformities, produced bj DcstmctiTe 
Disease or Inj^rj : Consenital Defects from Arrest or Excesa of De- 
Telopment : and Cicatrioial Contractions foHowing Bam& IQnstrated 
by ihirtj Cases and fine Engravings. 1 toL, 8to Cloth, S CMP 



CABPE5TEB rW. B.j Principles of ¥ental Phrsiologr, with their Ap- 
plication to the Training and E^5cii>line of the 3£ind, and the Stndj 
of its Morbid Conditions. Bv William B. Carpenter, M. D.. LL. D^ 
P. B. 8.. F. L. S., F. G. S- Begistrar of the Unirersxtj of London, etc^ 
1 voL, 12mo Cloth, 8 00 

OOMBE (ANDBEW). The Management of Infancj, Phjsiological and 
MoraL B j Andrew Combe. M. D. Bevised and edited hj Sir James 
Clark, Bart., K. C. B.. M. D., F. B. S. 1 voL, 12mo Cloth, 1 60 

GROSS (T. M. B.. M. D.) G'mical Lectores cm IKseases of the Xerrons 
Sjstero. Delirered by W. A. Hammond. M. D.. Professor of Diseases 
of the Mind and yeWons System in the UniTersity of the City of 
STew York: Prefddent of the'^ew York Xearological Society, etc. 
Reported, edited, and the Histories of the Cases prepsred, with Xotea, 
by T. M. B. Cross. M. D.. Assistant to the Chnir of IMseases of the 
Mind and Xervons System, in the University of the City of New 
York ; Member of the New York yenrologicsd Society, etc. 1 toL, 
8to Cloth, 8 60» 

DAVIS rHEXBY G.) Conservative Sm^ry. With Blnstrations. 1 

ToL, 8vo Cloth, 8 00» 

DICKSON (J. THOMPSON, M. A., M. B.) The Science snd Practice of 

Medicine in relation to the Mind. Hlnstrated. 1 toL,8to... Cloth, 8 50* 

ECKEB TALEXAN DEB). Convolutions of the Brain. Translated from 

the Gemum by Bobert T. Edes, M. D. 1 vol., 8vo Qoth, 1 26* 

ELLIOT rGEOBGE T.) Obstetric ainic : A Practical Contribution to 
the Study of Obstetrics, and the Diseases of Women and ChOdren. 
By George T. Elliot, Jr., A. M., M. D. 1 voL, 8vo Cloth. 4 50* 

FLINTS Manual of Chemical Examinations of the Urine in I^sease ; 
wiib Brief Directions for the Examination of the most' Common Va- 
rieties of Urinarv Calculi. By Austin Flint, Jr., M. D. 1 voL Be- 
Tised edition Cloth, 1 00* 

Physiology of Man. Designed to represent the existing state of 

PhysloIogicid'Science as applied to the Functions of the Human Body. 
Bj Austin FKnt. Jr., M. D.. Professor of Physiology and Microscopy 



in the Bellevae Hospital Medical College, New York ; Fellow of the 
New York Aaademj of Medicine ; Member of the Medical Society of 
the Oonnty of Now York; Resident Member of the Lycenm of Nat- 
ural History in the City of New Yorli, etc. Complete in 5 vols. 
Vol. 1. Introduction ; The Blood ; Oircnktion ; Respiration. 8vo. 
Vol. 3. Alimentation ; Digestion ; Abaorption ; Lymph, and 

Chyle. 8to. 
Yol. 3. Secretion; Excretion; Dactless Glands ; Nutrition; Ani- 
mal Heat; Moyemeota; Yoice and Speech. 1 vol., 8to. 
Vol. 4. The Nervona System, 1 vol., Svo. 
Vol.5. (With aGenerallndez to thefiTeyolnmes.) Special Senses; 

Generation. Per vol Oiotb, J4.50*; Sheep, 1 

The five vols Cloih, $23.00* ; Sheep, 2 

FLINT'S Text-Book of Human Physiology ; designed for the use of Prao- 
titionera and Students of Medicine. Xllnstrated by tbree Lithographic 
Plates, and three hundred and thirteen Woodcuts. 1 vol., imperial 

8vo Cloth, je.OO"; Sheep, 

The Physiological Effects of Severe and Protracted Muacular Ex- 
ercise; with special reference to its ioflaence upon the Excretion of 
Nitrogen. By Austin Flint, Jr., M:, D., etc. 1 vol., 12mo Cloth, 

The Source of muscular Power. Argumente and 

Oonclueions drawn from Observation apon the Human Subject Bn- 
der Conditions of Rest and of Muscular Eieroiae 

FREY (HEINRICH). The Hiatology and Histochemistry of Man. A 
Treatise on the Elements of Composition and Structure of the Hnman 
Body. By Heinrich Frey, Professor of Medicine in Zurich. Trana- 
■ lated from the fourth German edition, by Arthur E. J. Barker, Sur- 
geon to the City of Dablin Hospital ; Demoaatrator of Anatomy, 
Royal College of Surgeons, Ireland' Visiting Surgeon, Convalescent 
Home, Stiliorgan; and revised by the author. With fi08 Engravinga 
on Wood. IvoL.Svo Cloth, $3.00*; Sheep, 

GtLL-WTLIE (W., M. D.) Hospitals: History of their Origin, Develop- 
ment, and Progress, during the First Century of the Aiuerican Re- 
public, Bojlaton Prize-Eaaay of Harvard University for 1876, 1 vol., 
Svo Cloth, 

HAMILTON {ALLAN MoL., M. D.) Clinical Electro -Therapeutics, 
Medical and Surgical A Hand-Book for Physicians is the Treat- 
ment of Nervona and other Diseasea. 1 vol., Svo Cloth, 

HAMMOND (W. A.) A Treatise on Diseases of the Nervous System. 
By William A- Hammond, M. D,, Professor of Diseases of the Nervona 
System and of Clinical Medicine in the Bellevue Hospital Medical 
College ; Physician-in- Chief to tiie New York State Hospital for Dis- 
eaaes of the Nervous System, etc. New edition, with 109 Illnstra- 
tiona. Rewritten, enlarged, and improved. 1 vol., large Svo. 

Cloth, te.OO*; Sheep, 

Clinical Lectures on Diseases of the Nervous System. Delivered 

at Bellevue Hospital Medical College. Edited by T. M. B. Cross, 
M. D. 1vol., 8vo Oloth, 

HOFFMANN-ULTZMANN. Introduction to en Investigation of Urine, 
with Special Refereuce to Diseaaee of the Urinary Apparatua. By 
M. B. Hoffmann, Profeasur in the University of Grntz, and R, Ultz- 
XASs, Tutor io the University of Vienna. Second enlirged and 
improved edition (In} 

HOFFMANN (FREDERICK, Ph. D., Pharmaceutist in New York). 

Manual of Chemical Analysis, as applied to the Examination of Me- 

^^^ dicinal Chemicals. A Guide for the Determination of their Identity 
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and Qnafitf, md br A« DctoedoB o< lapiiridM aBd AdoHcratknia. 
For tfa* Cm of FbanuuMitMti^ PltTiidHH, DngpKo, md Manofae- 
toriog (^MniiMa, and Stadenta Clodt, ft 00* 

HOLLAKD ^ HENBTX B«o<Jl«ctiaM of FaM Ufa. Baamiaeenccs 

of Hen, Maasen, and TUngi. 1 toL, 19mo CSoth, 3 00 

HOWE (JOSEPH W.) Emergendea, and How to Treat Tbem. Bj 
Joa^b W. Hove, V. D., Viaiting Surgeon to Charitj Honiital, CSfr- 
ical Prof «Mor of Sorger; in th« Uedkal Department of the Univenitj 
of Sew York, etc. 1 vol., 8ro Cloto, 3 80» 

Tbe Bre&th, and tbe Diaeaaea which pvt h • F«lid Odor. Witb 

DirectkmaforTreataieiiL 1 vol, ISmo Cloth, 1 00 

HUXLET and YOUUAIfS'S Elementa of Fhjdoiagj and Hygiene. B7 

T. Hoxley and W. J. Yooinana. 1 toL, 12ino 1 75 

J0FNST0S"8 ChemiitryofCominopLife. 2 voU., 12mo Cloth, 3 00 

E£YES. The Tonic Treatment of Sjphilis. indndlng Local Treatment 
of Lesiona. B7 E. L. Kejea, Adjunct ProEuaor of Sorgerj, and Pro- 
feewr (rf Dermalologj, B. H. M. C, and Sotgeon to Believae Hos- 
pital. 1 vol., 8vo Cloth, I 00* 

LETTERMAN (3., U. D.) Medical RecoIIectiona of tiie Army of the 

Potomac. 1 toI., 8vo .Cloth, 1 00 

LEWES'S Phjsiologyof Common Life. 3 vols., 12mo Cloth, 3 00 

MABEOE(T. H.) A Treatise on Dieeasea of the Bones. B7 Thomas U. 
Markoe, H. D., Professor of Snrger; in the College of PhjBiciana and 
Snrgeuns, With IlloatrstiODS. 1 to!., 8to Cloth, 4 60" 

MATTDSLEY (HENRY). Body and Mind : an Inquiry into their Con- 
nection and Mntnal Influence, specially in reference to Mental Dis- 
orders- An enlar^d and revised edition, to which are added 
-Piycholoirical EMsys. By Henry Maodsley, M. D., London, Fellow 
of the Royal College of Physicians; Professor of Medical JoriBpro- 
dence in Cnirersity College, London, etc. 1 vol., 12mo Clolb, 1 60 

Physiology of the Hind. Vol. I. Being the first part of a third 

edition, revised, enlarged, and in great part rewritten, of "The 
Phyriology and Pathology of the Mind." 1 toI., 13mo Cloth, a 00 

Responsibility in Mental Disease. {Intematityruil SeientiJU Series.) 

'■ 1 vol., ISrao Cloth, 1 60 

MEYER (Dr. MORITZ). Electricity in its Relations to Practical Medi- 
cine. Translabed from the third G«rman edition, with nomerons 
Notes and Additions, by William A. Hammond, M. D., Profeaaor of 
Diaeaaes of the Mind and Nervons System, in the BelleToe Hospital 
Medical College, etc. With numerona Ilia Btrations. 1 vol., 8vo. ..CI., 4 60* 

SEFTEL (WM. B., M, D.) Galvano-Therapeutics. The Physiological 
■' and Therapeutical Action of the Galvanic Current upon the Aoooatic, 
Optic, Sympathetic, and Pneumogastric Nerrea. 13mo Cloth, 1 60* 

NEUMANN aSIDOR). Hand-Book of Skin Diseases. By Dr. Mdor 
Nenmann. Translated by Lncina D. Buliley, A.M., M.D. Illns- 
trated with as Wood Engravings. 1 vol.. 8vo. .Cloth, $4.00*; Sheep, 6 00* 

NEW YORK MEDICAL JOURNAL. Edited by James B. Hanter, 

M.D. The largest Medical Monthly published Terms per annnm, 4 00* 

Specimen nambera aent by mail, on receipt of 26 cents. 

CLnBR*TKs: New York Medical Journal and Appletons' Joumal, a 

Household Monthly Magazine 6 26 

Uadioal Journal and Popular Soienoe Monthly S 00 



NTEMETEE (Dr. FEUX VOJO- A Text-Book of Practical Medicine, 
with particiilar reference to Physiologj and Pathological Anatomy. 
Containing all the author's Additions and Revisiona in the eighth and 
last German edition. Translated from the German edition, bj George 
H. HumphrejH, M. D., and Charles E. Hackley, IT. D. 2 vols., 8vo. 

Cloth, tS.OO* ; Sheep, $11 ( 

OTQHTINGALE'S (FLOEENCE) Notes on Nursing. What it is, and 
what it is not. 1 vol., 12mo Cloth, 

OEDBONAUX'S Hints on the Preservation of Health in Armies, for the 
use of Volnnteer Officers and Soldiers. By Dr. John Ordronaux, 
18mo Cloth, 

PAGET. Clinical Lectures and Essays, By Sir James Paget, Bart., 
F. B. 8., D. C. L,, Oxon., LL. D., Cantab., etc. Edited by Howard 
Marsh, F. R. 0. S., etc. 1 rol, 8to Cloth. 

PEASLEE (E. R.) A Treatise on Ovarian Tomors; their Pathology, 
Diagnosis, and Treatment, with reference especially to Ovariotomr. 
By E. R. Peaalee, M. D., LL. D., Professor of Diseases of Women, in 
Dartmouth College ; one of the Consulting Surgeons to the New 
York State Woman's Hospital ; formerly Professor of Obstetrics and 
Diseases of Women, in the New York Medical College ; Correspond- 
ing Member of the Obstetrical Society of Berlin, etc. In one large 
vol., 8vo. With Hlnstrationa Cloth, J5.00* ; Sheep, 

PEREIBA'S (Dr.) Elements of Materia Medica and Therapeutics. 
Abridged and adapted for the Use of Medical and Pbarmacentical 
Practitioners and Students, and comprising aU the Medicines of the 
British Pharmaoopceia, with such others as are frequently ordered in 
Prescriptions, or required by the Physician. Edited by Robert 
Bentley and Theophilua Redwood. New edition. 1 vol., royal 8vo. 
Cloth, $T.OO* ; Sheep, 

BICHARDSON. Diseases of Modern Life. By Benjamin Ward Rich- 
ardson, M. D., M. A., F. R. S., Fellow of the Royal College of Physi- 
cians, 1 vol., 12mo Oloth, 

SAYRE (LEWIS A., M. D,) Practical Manual of the Treatment of Clnb- 
Poot. By Lewis A. Sayre, M.D., Professor of Orthopedic Surgery 
in the Bellevue Hospital Medical College; Surgeon to Bellevne Hos- 
pital, etc. New edition. 1 vol., 12mo Cloth, 

Lectures on Orthopedic Surgery and Diseases of the Joints, deliv- 
ered at Bellevue "Hospital Medical College during the Winter Session 
of 1B74-18TS, by Lewis A. Sayre, M.D Cloth, |5.00* ; Sheep, 

BOHBOEDEB pr. KARL). A Manual of Midwifery, including the Pa- 
thology of Pregnancy and the Puerperal 6tat«. By Dr. Karl Schroe- 
der. Professor of Midwifery, and Director of the Lying-in Institution, 
in the Uuiveraity of Eriangen. Translated into English from the 
third German edition, by Charles H. Carter, B. A., M. D., B. 8., 
London ; Member of the Royal College of Physicians, London, etc. 
With 36 Engravings on Wood. 1 vol., 8vo . . . . Oloth, $3.60* ; Sheep, 

SIMPSON (Sir JAMES T.) Selected Obstetrical and Gynacologicnl 
Works of Sir James Y. Simpson, Bart., M. D., and late Professor of 
Midwifery in the University of Edinburgh. Edited bj J. Watt Black, 
M. A., M. D., M. E. 0. P. L. ; Physician Accoucheur to Charing Cross 
Hospital, London, and Lectorer on Midwifery and the Diseases of 
Women and Children in the Hospital School of Medicine. 1 vol., 8vo. 
Cloth, 113.00'*; Sheep, 
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SIMPSON (Sir JAMES Y.) The DiMaaee of Women. By Sir Jsmea Y. 
Simpsm, Ban., M. D. Edited bj AJexsnder Simpson, K D^ Pro- 
leatoT ot Midviferj in the XJniTersity of Ediaborgb. 

Cloth, tS.OO» ; Sheep, $4 00* 

SMITH (EDWABD, M. D., LL. B., F. E. S.) Food*. {latenatioaal 

Si!4aitifie Seria.') 1 J5 

■ Health: aBimd-Book for Hoosebolds and Schools. 12iiio. .Cloth, 1 00 

STEHfEK. CompeDdiam of ChSdrea'a Diseases; a Eand-Book for 
Practitionera and Stodenta. By Dr. Johanuea Steiner, Professor of 
IKseasea of Childreo in the University of Prague, etc. TraDalat«d 
(rom the aecood German edition, bj Lamson Tut, F. B. 0. S., ete. 
I vol,, Svo Cloth, $3.B0» ; Sheep, 4 60* 

9TE0UD (WILLIAM, M. D.) ThePhyaicalCanseodheDeath of Christ, 
and its Relations to the Principlea and Practice of Chri^tianit;. 
With Letter on the sntaect bj Sir Jamea Y. Simpson, Bart,, M. D. 
12mo Cloth, 2 00 

TILP8 Hand-Book of Uterine Therapontics. Second American edition, 

reviaed and amended. 1 vol., Svo, 368 pagea Cloth, 8 50* 

VAN BUEEN fW. H.) Lectnrea upon Diseases of the Eectom, deliv- 
ered St the Bellevne Bospital Medical College, Session 186S-1870, bj 
W. H. Van Bnren, A. M., M.D., Profeaaor of the Principles of Sur- 
gery, with Diseases of the Genito- Urinary Organs, etc., in the Belle- 
vne Hospital Medical College ; one of the Consulting Surgeons of the 
New York Hospital ; of the Bcllevne Hospital ; Member of the Few 
York Academy of Medicine, of the Patholi^cal Society of New 
York, etc. 1 vol., 12mo Cloth, 1 BO* 

A Practical Treatise on the Surreal Diseases of the Genito-Uri- 

nary Organs, ineln ding Syphilis. Designed as a Mannal for Students 
and Practitioners. With Engravings and Cases. By W. H. Van 
Bnren, A. M., M. D., and Edward L. Keyes, A. M., M. D., Professor 
of Dermatology in Bellevna Hoapital Medical College, Snrgeon to the 
Ohflrity Hospital, Venereal Division; Consulting Dermatologist to 
the Bureau of Out-Door Belief, BelJevne Hospital, etc. 1 vol., 8vo. 

Cloth, $6.00*; Sheep, 6 00* 

VOGEL (A.) A Practical Treatise on the Diseases of Children. By 
Alfred Vocel, M. D., Professor of Clinical Medicine in the University 
of Dorpat, Kuaaia. Translated and edited by H. Raphael, M. D., late 
House Snrgeon to Bellevne Hospital, Attending Physician to the 
Eastern Dispensary for the Diseases of Children, etc. From the 
fourth German edition, lUnstrated by Sii Lithographic Plates. 1 
vol., 8vo Cloth, $4.50*; Sheep, 6 50* 

WAGNER (RUDOLF). Hand-Book of Chemical Technology. Trans- 
lated and edited from the eighth German edition, with eitensive 
Additions, by William Crookes, F. E. 8. With 336 Blustrations. 1 
vol., 8vo, 761 pages Cloth, 5 00 

WALTON (GEORGE E., M. D.) Mineral Springs of the United States 
and Canadas. Containing the latest Analyses, with full Description 
of Localities, Routes, etc. 12mo Cloth, 2 00 . 

WELLS (Dr. T. SPENCER). Diseases of the Ovaries. 1 vol., 8vo.... 4 60* 
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TO THE MEDICAL PROFESSION. 



We beg to call your attention to the merits of the 
New Yokk Medical Jotjenal. Id doing so, we can 
say with confidence that this journal occupies a higher 
place in medical literature than any other monthly pub- 
lication in this country, and that henceforth no effort 
will be spared to enhance its valne, and render it indiftr 
pensable to every practitioner who desires to keep up 
with the times, Trasting you will favor as with your 
support, 

We are, yours truly, 

D. APPLETON & CO. 
The foremost AmeHcan Monthly. 



New York Medical Journal, 
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